
specification of the present application, see, e.g., page 9, lines 1-9, page 16, line 9-24, page 
20, lines 30-33, page 23, line 30 to page 25, line 35, and page 40, line 17 to page 44, line 4, 
and do not constitute new subject matter. Claims 41-57 and 71-78 will, therefore be pending 
upon entry of this Amendment. A copy of the claims which will be pending upon entry of 
this Amendment is attached hereto as Exhibit B. 

Entry of the foregoing amendments and consideration of these remarks are 
respectfully requested. 

THE REJECTION UNDER 35 U.S.C. S 103 
SHOULD BE WITHDRAWN 

Claims 41-57 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Mitsuhashi et al (U.S. Patent No. 4,659,569; "Mitsuhashi") and Sasaki et al (JP 59-29831; 
"Sasaki"). The Examiner contends that Mitsuhashi and Sasaki teach eggs infected with 
viruses, particularly influenza virus, and that embryonated eggs less than ten days old are 
susceptible to virus infection and replication. Although the Examiner appreciates that neither 
of the cited references teach the "specific viral strains" of the claimed invention, according to 
the Examiner, it would have been prime facie obvious to one of ordinary skill in the art at the 
time of the invention, to apply the teachings of the cited references to make the composition 
of the claimed invention. According to the Examiner, one skilled in the art would have been 
motivated to do so because "it is notoriously old and well known in the art to propagate 
viruses in such eggs" and one would "reasonably expect the infected egg to yield replicated 
virus" (page 4 of the Office Action). For the reasons detailed below, however, Applicants 
respectfully assert that the rejection under 35 U.S.C. § 103(a) is in error and should be 
withdrawn. 

A finding of obviousness requires a determination of the scope and content of the 
prior art, the level of ordinary skill in the art, the differences between the claimed subject 
matter and the prior art, and whether the differences are such that the subject matter as a 
whole would have been obvious to one of ordinary skill in the art at the time the invention 
was made. Graham v. Deere 383 U.S. 1 (1996). The proper inquiry is whether the art 
suggests the invention, and whether the art provides one of ordinary skill in the art with a 
reasonable expectation of success. In re O'Farrell 853 F.2d 894, 7 U.S.P.Q. 2d 1673 (Fed. 
Cir. 1988). Both the suggestion and the reasonable expectation of success must be founded 
in the prior art and not in the Appellants* disclosure. In re Vaeck 947 F.2d 488, 20 U.S.P.Q. 
2d 1438 (Fed. Cir. 1991). 
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None of the cited references, alone or in combination teach or suggest the claimed 
invention, i.e., a composition comprising an embryonated egg less than ten days old 
containing a recombinantly engineered attenuated negative strand RNA virus, e.g., an 
influenza virus, with an impaired interferon antagonist phenotype. The cited references do not 
teach, suggest, or provide a motivation to one skilled in the art to produce a composition 
comprising an embryonated egg less than ten days old containing a recombinantly engineered 
attenuated negative strand RNA virus with an impaired interferon antagonist phenotype. 
Further, the cited references fail to teach, suggest, or provide a motivation to one skilled in 
the art to produce a composition comprising an embryonated egg less than ten days old 
containing a recombinantly engineered attenuated influenza virus having a mutation in the 
NS 1 gene that diminishes or eliminates the ability of the NS 1 gene product to antagonize the 
cellular interferon response. 

Contrary to the Examiner's contention, neither Mitsuhashi nor Sasaki teach or suggest 
the claimed invention. Mitsuhashi relates to a process for the production of a viral vaccine 
comprising covalently attaching the virus to a saccharide to form a virus-saccharide 
conjugate. The vaccines produced in accordance with Mitsuhashi are to produce a higher 
level of immunoglobulin G and M, while producing little or no immunoglobulin E. There is 
no recognition, suggestion, or teaching in Mitsuhashi that the methods proposed are effective 
in embryonated eggs of a particular age, let alone immature embryonated eggs less than ten 
days old. In fact, the working examples provided in Mitsuhashi indiscriminately use different 
aged eggs, e.g., in Examples 4 and 5, 10-day old embryonated eggs are used and in Example 
7, 8-day old embryonated eggs are used). Mitsuhashi does not teach, suggest or provide a 
motivation to produce the composition of the claimed invention, i.e., an embryonated egg less 
than ten days old containing a recombinantly engineered attenuated negative strand RNA 
virus with an impaired interferon antagonist phenotype. Further, Mitsuhashi does not teach, 
suggest or provide a motivation to produce a composition comprising an embryonated egg 
less than ten days old containing a recombinantly engineered attenuated influenza virus, let 
alone a recombinantly engineered attenuated influenza virus having a mutation in the NS1 
gene that diminishes or eliminates the ability of the NS1 gene product to antagonize the 
cellular interferon response. 1 

Sasaki relates to a vaccine for pigs, obtained my adding Macrogol to an influenza 
virus that is propagated in allantoic cavity of a grown hen's egg of 9-11 days of age. Sasaki 
does not teach, suggest or provide a motivation to produce the composition of the claimed 
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invention, i.e., an embryonated egg less than ten days old containing a recombinantly 
engineered attenuated negative strand RNA virus with an impaired interferon antagonist 
phenotype. Further, Sasaki does not teach, suggest or provide a motivation to produce a 
composition comprising an embryonated egg less than ten days old containing a 
recombinantly engineered attenuated influenza virus, let alone a recombinantly engineered 
attenuated influenza virus having a mutation in the NS1 gene that diminishes or eliminates 
the ability of the NS1 gene product to antagonize the cellular interferon response. 2 

Further, as of the effective filing date of the instant invention, the accepted age for 
embryonated eggs as a growth substrate for viral growth and propagation was 10-12 days, 
and not embryonated eggs less than 10 days old, as claimed in the instant invention. 
Immature embryonated eggs, such as six to seven day old eggs were not recognized by one of 
skill in the art as a substrate for viral growth and propagation, prior to the instant invention. 
In light of the fragile condition and small allantoic cavity of these young eggs, the prevailing 
view of those skilled in the art was that they were particularly unattractive for viral growth 
and propagation. Accordingly, there would have been no motivation for one of skill in the 
art, given the state of the art as of the effective filing date of the instant application to use an 
immature embryonated egg less than 10 days old for viral growth and propagation. 

Applicants were the first to teach negative strand RNA viruses comprising mutations 
that result in an impaired interferon antagonist phenotype (e.g., see the instant specification at 
page 14, line 1 to page 19, line 21). Specifically, Applicants were the first to teach methods 
for recombinantly engineering a negative strand RNA virus, in particular an influenza virus, 
so that the virus has an impaired interferon antagonist phenotype. For example, the instant 
invention for the first time sets forth attenuated influenza viruses with mutations, e.g., 
truncations or deletions, in the NS1 gene that diminish or eliminate the ability of the NS1 
gene product to antagonize the cellular interferon response {see, e.g., the instant specification 
at page 14, line 23 to page 15, line 10; page 17, line 36 to page 18, line 12; Example 6, page 
38, line 7 to page 42, line 30). 

Additionally, Applicants were the first to teach that immature embryonated eggs less 
than 10 days old (e.g., six day old embryonated eggs) provide a better growth substrate for 
attenuated negative strand RNA viruses with an impaired interferon antagonist phenotype, in 
particular recombinantly engineered attenuated negative strand RNA viruses with an 



In Example 4, Mitsuhashi uses an Influenza virus A/Tokyo/6/73 strain, which is not a 
recombinant, attenuated virus containing a mutation in the NS1 gene. 
2 In the Abstract, Sasaki refers to the Hong Kong A influenza viruses, which are not a 
recombinant, attenuated virus containing a mutation in the NS 1 gene. 
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impaired interferon antagonist phenotype, than older embryonated eggs (e.g., 10 and 14 day 
old embryonated eggs) which are the conventional substrates for viral growth and production. 
The cited art does not recognize or appreciate that immature embryonated eggs less than ten 
days old are a better substrate for growth and propagation of negative strand RNA viruses 
with an impaired interferon antagonist pheonotype. In particular, Applicants demonstrated 
that an immature embryonated egg, especially its allantoic cavity, is an excellent growth 
substrate for attenuated influenza viruses having mutations in the NS 1 gene that diminish or 
eliminate the ability of the NS1 gene product to antagonize the cellular interferon response. 
The cited art does not recognize or appreciate that immature embryonated eggs (e.g., six day 
old eggs) are a better substrate for the propagation of influenza viruses with attenuated 
phenotypes, in particular attenuated phenotypes resulting from mutations in the NS1 gene of 
influenza virus that diminish or eliminate the ability of the NS1 gene product to induce a 
cellular interferon response. It was Applicants' unexpected discovery that negative strand 
RNA viruses with an impaired interferon antagonist phenotype grow to a higher titer in 
immature embryonated eggs that resulted in the recognition of immature embryonated eggs 
as a suitable substrate for the propagation of negative strand RNA viruses with an impaired 
interferon antagonist phenotype. Therefore, in view of the foregoing, compositions 
comprising immature embryonated eggs less than 10 days old containing a negative strand 
RNA virus with an impaired interferon antagonist activity are not rendered obvious over the 
references cited by the Examiner. 

Applicants respectfully assert that the instant application sets forth at least one 
unexpected result of the claimed invention (i.e., the ability of the viruses in the composition 
to grow to a higher titer in an immature embryonated egg as compared to an older egg). 
Applicants respectfully invite the Examiner's attention to Example 6 of the present 
application (See the instant specification at page 38, line 7 to page 42, line 31), whereby the 
unexpected result of the claimed compositions is unequivocally illustrated. In this working 
example, the ability of influenza viruses containing mutations in the NS1 gene which resulted 
in an impaired interferon antagonist phenotype to grow in embryonated chick eggs of 
different ages are compared to that of wild type influenza. As demonstrated in Table 3 
(which is reproduced below for the Examiner's convenience), the differential growth 
properties of the influenza viruses containing mutations in the NS1 gene is much greater than 
that of wild type influenza, which was a surprising and unexpected result. As illustrated in 
Table 3, the difference in growth properties of an influenza virus containing a mutation in the 
NS1 gene between a 6-day old egg and a 10-day old egg is much more significant relative to 
that of wild type influenza. The wild type influenza virus reaches a 2-fold higher titer in a 
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10-day old egg vs. a 6-day old egg, whereas the influenza virus with a mutation in the NS1 
gene reaches a 32 fold higher titer in a 10-day old egg vs. a 6-day old egg. Therefore, as 
demonstrated by the working example an attenuated negative strand RNA virus with an 
impaired interferon antagonist phenotype, such as an influenza virus with a mutation in the 
NS1 gene, grows unexpectedly better in an immature embryonated egg (e.g., a 6-day old egg) 
vs. the conventional substrate used in the art (a 10-day old egg), relative to that of wild type 
virus. 



TABLE 3: Virus Replication in Embryonated Chick Eggs 

HEMAGGLUTINATION TITERS 3 
VIRUS AGE OF EGGS 6 DAYS 10 DAYS 14 DAYS 

WTPR8 4 2,048 4,096 1,071 

NS1/99 N.D. 5 2,048 <2 

DelNSl 64 <2 <2 



Further, the efficacy of immature embryonated eggs, particularly 6-day old eggs for 
the propagation and growth of recombinantly engineered attenuated negative strand RNA 
viruses has been confirmed by post filing art. In particular, as evidenced by Mebatsion et al., 
2001 Journal of Virology, 75(1): 420-8 ("Mebatsion") which is submitted herewith as Exhibit 
C, New Castle Disease virus (NDV) mutants with a diminished interferon antagonist 
phenotype 6 (NDV-Vstop and NDV-6) do not propagate in 10-day old embryonated eggs, 
whereas they can grow to 2xl0 2 to 4xl0 2 focus forming units/mL in 6-day old embryonated 
eggs (e.g., See Table 1 of Mebatsion which is reproduced below for the Examiner's 
convenience). Therefore, NDV mutants with a diminished interferon antagonist phenotype 
(mutants lacking part of the V protein which is known to be responsible for the interferon 
antagonist activity, as demonstrated in Park, Exhibit D) grow to a significantly higher titer in 
a 6-day old egg relative to a 10-day old egg, e.g., 10 2 fold higher level. However, the wild 
type NDV virus grows to comparable titers both in young and older embryos (approximately 
10 8 focus forming unit/mL). Therefore, these results confirm that immature embryonated 
eggs less than ten days old, e.g., six days old, are a better substrate for propagation and 

Q 

growth of negative strand RNA viruses with an impaired interferon antagonist phenotype. 

3 Titers represent the highest dilution with hemagglutination activity. 

4 Wild type influenza A/PR/8/34 virus. 

5 Not determined. 

6 See also Park et al, 2003 Journal of Virology, 77(2): 1501-1 1; submitted herewith as 
Exhibit D, where the interferon antagonist phenotype of the V protein of NDV is established. 
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TABLE 1. INFECTIOUS TITERS AFTER PROPAGATION IN DIFFERENT 
SUBSTRATES 



INFECTIOUS TITERS 7 AFTER PROPAGATION IN 


VIRUS 


BSR CELLS 


VERO CELLS 


6 DAY OLD 
EGGS 


10 DAY OLD 
EGGS 


NDV-6 


6X10° 


1X10' 


2X10 2 


0 


NDV-Vstop 


6X10° 


1.4X10 2 


4X10 2 


0 


WILD TYPE 


4X1 0 3 


7X10 5 


1X10 8 


1.2X10 8 



In view of Applicants' unexpected results which were confirmed by post-filing 
publications, examples of which are submitted herein, the claimed compositions are 
patentable even assuming, arguendo, a prima facie obviousness rejection were sound. In re 
Chupp, 816 F.2d 643 (Fed. Cir. 1987). Since the Applicants have demonstrated at least one 
unexpected benefit of the claimed compositions as compared to the cited art, the claimed 
compositions are not obvious over the art cited. In view of the foregoing, Applicants 
respectfully assert that the rejections under 35 U.S.C. § 103(a) cannot stand and should be 
withdrawn. 

CONCLUSION 

Applicants respectfully request entry and consideration of the foregoing remarks. 
Applicants believe that all of the present claims meet all of the requirements for patentability. 
Withdrawal of all rejections is requested. 

If any issues remain, the Examiner is requested to telephone the undersigned at (212) 
790-6431. 



Respectfully submitted, 



Date: 



June 11 ,2003 



oCijuJ^CL. CrrUf^M 30,742 

Laura A. Coruzzi ^ n?^« xu 



(Reg. No.) 



PENNIE & EDMONDS LLP 

1 155 Avenue of the Americas 
New York, New York 10036-271 1 
(212) 790-9090 



7 Values are in focus-forming units per milliliter 
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EXHIBIT A 

MARKED UP VERSION OF AMENDED CLAIMS 

AS OF JUNE 11,2003 
IN U.S. PATENT APPLICATION NO. 09/724,419 
ATTORNEY DOCKET NO. 6923-102-999 



43. The embryonated egg of claim 41 [43], wherein the embryonated egg is six 
days old. 

50. The embryonated egg of Claim 42 [or 43] or 44, wherein the attenuated 
influenza virus is engineered to encode an epitope derived from another virus. 

5 1 . The embryonated egg of Claim 42 [or 43] or 44 , wherein the attenuated 
influenza virus has a segmented genome comprising at least one segment derived from a 
different virus. 

52. The embryonated egg of Claim [43] 44, wherein the attenuated influenza virus 
is genetically engineered. , 

53. The embryonated egg of Claim 42 [or 43] or 44 , wherein the mutation in the 
NS1 gene is a deletion at the C-terminal of NS1. 

55. The embryonated egg of Claim 42 [or 43] or 44 , wherein the mutation in the 
NS1 gene is a deletion at the amino-terminal of NS1. 

56. The embryonated egg of Claim 42 [or 43] or 44 , wherein the influenza virus is 
influenza A or B virus. 

57. The embryonated egg of Claim 42 [or 43] or 44, wherein the mutation in the 
NS1 gene is responsible for the attenuated phenotype of the influenza virus. 
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EXHIBIT B 
PENDING CLAIMS 
AS OF JUNE 11,2003 
IN U.S. PATENT APPLICATION NO. 09/724,419 
ATTORNEY DOCKET NO. 6923-102-999 



41. An embryonated egg less than ten days old containing a recombinantly 
engineered attenuated negative strand RNA virus with impaired interferon antagonist activity, 
wherein said virus is not influenza C virus. 

42. An embryonated egg less than ten days old containing a recombinantly 
engineered attenuated influenza virus having a mutation in the NS1 gene that diminishes or 
eliminates the ability of the NS1 gene product to antagonize the cellular interferon response, 
wherein said virus is not influenza C virus. 

43. The embryonated egg of claim 41, wherein the embryonated egg is six days 

old. 

44. An embryonated egg containing in the allantoic cavity an attenuated influenza 
virus having a mutation in the NS1 gene that diminishes or eliminates the ability of the NS1 
gene product to antagonize the cellular interferon response, wherein the embryonated egg is 
six to nine days old and said virus is not influenza C virus. 

45. An embyronated egg less than 10 days old containing delNSl. 

46. The embryonated egg of Claim 41, wherein the negative strand RNA virus is 
influenza A virus, influenza B virus, respiratory syncytial virus, parainfluenza virus, mumps 
virus, measles virus, Newcastle disease virus, or vesicular stomatitis virus. 

47. The embryonated egg of Claim 41 or 42, wherein the egg is a six to nine days 
old chick egg. 

48. The embryonated egg of Claim 41, wherein the attenuated negative strand 
RNA virus is engineered to encode an epitope derived from another virus. 

1 
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49. The embryonated egg of Claim 41, wherein the attenuated negative strand 
RNA virus has a segmented genome comprising at least one segment derived from a different 
virus. 

50. The embryonated egg of Claim 42 or 44, wherein the attenuated influenza 
virus is engineered to encode an epitope derived from another virus. 

5 1 . The embryonated egg of Claim 42 or 44, wherein the attenuated influenza 
virus has a segmented genome comprising at least one segment derived from a different virus. 

52. The embryonated egg of Claim 44, wherein the attenuated influenza virus is 
genetically engineered. 

53. The embryonated egg of Claim 42 or 44, wherein the mutation in the NS1 
gene is a deletion at the C-terminal of NS1. 

54. The embryonated egg of Claim 53, wherein the NS1 gene encodes truncated 
NS1 proteins consisting of amino acid residues 1-60, amino acid residues 1-70, amino acid 
residues 1-90, amino acid residues 1-99, amino acid residues 1-100, amino acid residues 1- 
110, amino acid residues 1-120, amino acid residues 1-124, or amino acid residues 1-130 of 
the wild-type NS1. 

55. The embryonated egg of Claim 42 or 44, wherein the mutation in the NS1 
gene is a deletion at the amino-terminal of NS1. 

56. The embryonated egg of Claim 42 or 44, wherein the influenza virus is 
influenza A or B virus. 

57. The embryonated egg of Claim 42 or 44, wherein the mutation in the NS 1 
gene is responsible for the attenuated phenotype of the influenza virus. 

71 . The embryonated egg of Claim 41 or 42, wherein the egg is six to eight days 

old. 

72. The embryonated egg of Claim 41 or 42, wherein the egg is six to seven days 

old. 
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73. The embryonated egg of Claim 41, wherein the attenuated negative strand 
RNA virus is engineered to encode a foreign antigen. 

74. The embryonated egg of Claim 42 or 44, wherein the attenuated influenza 
virus is engineered to encode a foreign antigen. 

75. The embryonated egg of Claim 44, wherein the egg is six to eight days old. 

76. The embyronated egg of Claim 44, wherein the egg is six to seven days old. 

77. The embryonated egg of Claim 41 , wherein the attenuated negative strand 
RNA virus is engineered to encode a tumor antigen. 

78. The embryonated egg of Claim 42 or 44, wherein the attenuated influenza 
virus is engineered to encode a tumor antigen. 
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Newcastle disease virus (NDV) edits its P-gene raRNA by inserting a nontemplated G residue(s) at a 
conserved editing site (3'-UUUUUCCC-template strand). In the wild-type virus, three amino-coterminal 
P-gene-derived proteins, P, V, and W, are produced at frequencies of approximately 68, 29, and 2%, respec- 
tively. By applying the reverse genetics technique, editing-defective mutants were generated in cell culture. 
Compared to the wild-type virus, mutants lacking either six nucleotides of the conserved editing site or the 
unique C-terminal part of the V protein produced as much as 5,000-fold fewer infectious progeny in vitro or 
200,000-fold fewer in 6-day-old embryonated chicken eggs. In addition, both mutants were unable to propagate 
in 9- to 11-day-old embryonated specific-pathogen-free (SPF) chicken eggs. In contrast, a mutant (NDV-P1) 
with one nucleotide substitution (UUCUUCCC) grew in eggs, albeit with a 100-fold-Iower infectious titer than 
the parent virus. The modification in the first two mutants described above led to complete abolition of V 
expression, whereas in NDV-P1 the editing frequency was reduced to less than 2%, and as a result, V was 
expressed at a 20-fold-lower level. NDV-P1 showed markedly attenuated pathogenicity for SPF chicken em- 
bryos, unlike currently available ND vaccine strains. These findings indicate that the V protein of NDV has a 
dual function, playing a direct role in virus replication as well as serving as a virulence factor. Administration 
of NDV-P1 to 18-day-old embryonated chicken eggs hardly affected hatchability. Hatched chickens developed 
high levels of NDV-specific antibodies and were fully protected against lethal challenge, demonstrating the 
potential use of editing-defective recombinant NDV as a safe embryo vaccine. 



Newcastle disease virus (NDV) belongs to the genus Rubu- 
lavirus within the family Paramyxoviridae. Recent findings, 
however, have indicated that NDV is only distantly related to 
other members of the genus Rubulavirus, and it has been sug- 
gested that NDV should be assigned to a new genus within the 
subfamily Paramyxovirinae (6). NDV isolates are further cate- 
gorized based on pathogenicity for chickens into velogenic, 
mesogenic, and lentogenic strains corresponding to high-, 
moderate-, and low-virulence strains, respectively. The molec- 
ular basis for this distinction lies mainly in the amino acid 
sequence of the protease cleavage site of the fusion (F) protein 
(14, 25). The precursor fusion glycoprotein F0 has to be 
cleaved into Fl and F2 for the progeny virus to be infectious 
and to be able to undergo multiple rounds of replication. 
Recently, experimental evidence for the presence of a direct 
correlation between the sequence of the cleavage site and 
NDV virulence was provided by changing the protease cleav- 
age site of a lentogenic strain of NDV (GGRQGR** L) into 
the consensus cleavage site of a velogenic strain (GRRQRR<-> 
F). A dramatic increase in virulence of the genetically modified 
virus indicated that the key determinant for NDV virulence is 
the cleavage efficiency of the precursor protein (28). However, 
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there is indirect evidence suggesting that cleavage efficiency is 
not the sole determinant governing NDV virulence (22, 28). 

The negative-strand RNA virus genome of NDV contains six 
genes encoding six major structural proteins (3'-NP-P-M-F- 
HN-L-5'). A general feature of the Paramyxovirinae, however, 
is the presence of additional structural or nonstructural viral 
proteins resulting from the use of alternative reading frames 
and RNA editing of their P genes (19). Like other members of 
the Paramyxovirinae, NDV edits its P gene by inserting one or 
two G residues at the conserved editing locus (UUUUUCCC) 
and transcribes three P-gene-derived mRNA species. The 
mRNAs encode the open reading frame (ORF) of P (unedit- 
ed), the V ORF (with a + 1 frameshift), and the W ORF (with 
a +2 frameshift) (39). These proteins are amino coterminal 
and vary at their carboxy- terminal ends in length and amino 
acid composition. Of the three P-gene products, the P protein 
is known to be an essential component for viral RNA synthesis 
and, together with the L protein, was demonstrated to form an 
active transcriptive complex (15). However, not much is known 
about the two other P-gene products. The V protein is of 
particular interest since it is conserved in all three genera of 
the Paramyxovirinae, with the exception of human parainflu- 
enza virus type 1 (HPIV-1), which lacks an intact V ORr (23). 
Moreover, the V protein is characterized by the presence of a 
highly conserved cysteine-rich carboxy-terminal domain, and 
there is evidence that this domain of simian virus (SV5) inter- 
acts with damage-specific DNA binding protein (21). The V 
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proteins of NDV and SV5 were shown to bind zinc and were 
also demonstrated to be structural components of virions (26, 
33 : 38). On the other hand, the V proteins of Sendai virus 
(SeV) and measles virus (MV) are not structural components 
of virions and are not associated with the ribonucleoprotein 
complex (16, 20). 

Further insight into the functions of the additional P-gene 
products of the Paramyxoviridae was obtained after the devel- 
opment of reverse genetics technology, which enabled genet- 
ic manipulation of the genomes of nonsegmented negative- 
strand RNA viruses (reviewed in references 5 and 31). Studies 
with SeV and MV showed that the V and/or W protein could 
be deleted without detrimental effects on replication of the 
virus in cell culture (7, 8, 17, 18, 35). Interestingly, however, the 
editing-defective SeV was found to replicate normally in vitro 
but was severely attenuated in pathogenicity for mice (8, 17, 
18). The mechanism of the in vivo attenuation in certain mem- 
bers of the Paramyxoviridae may involve the interferon (IFN) 
system, in which accessory proteins, particularly V or C pro- 
teins (20), are responsible for blocking the activation of IFN- 
responsive genes (9, 10, 13). 

NDV is responsible for one of the most devastating diseases 
of poultry and has substantial economic impact in the poultry 
industry. Vaccination of chickens, particularly those raised for 
commercial consumption, is carried out throughout the world. 
The currently available live attenuated ND vaccines can be 
administered to hatched chickens only in drinking water, aero- 
sols, or eye drops or by parenteral routes. These methods of 
applications have several disadvantages, the most important 
being labor costs. Embryo, or in ovo, vaccination has proved to 
be an effective and economical method of application for sev- 
eral commonly used vaccines, such as those for turkey herpes- 
virus and infectious bursal disease virus (36, 37). Moreover, in 
ovo vaccination was found to be advantageous due to the 
administration of a uniform dose of vaccine into each egg using 
automated machines. However, several live virus vaccines for 
poultry cannot be administered in ovo mainly because they 
cause high embryo mortality. For NDV, the use of a modified 
live vaccine for in ovo administration has been described pre- 
viously (1). However, this involves the use of a chemical mu- 
tagenic agent, ethyl methanesulfonate, at each step of the 
vaccine preparation. Recombinant fowlpox vectors expressing 
NDV fusion protein and/or hemagglutinin-neuraminidase pro- 
tein have been successfully constructed, and their safety and 
efficacy for in ovo vaccination have been studied in specific- 
pathogen-free (SPF) chickens (12). Although the recombinant 
vaccines were shown to be efficacious in SPF animals, no data 
were provided on the efficacy of such recombinant vaccines in 
commercial chickens with neutralizing maternal antibodies. 
Such passive antibodies, which are usually present at high 
levels in very young chickens from immunized parent flocks, 
can impair the effectiveness of live virus vaccines. Since con- 
ventional live ND vaccines confer full protection even in the 
presence of maternal antibodies, it is highly desirable that the 
currently available posthatching vaccines be further attenuated 
to make them suitable for embryo vaccination. 

Recently, the recovery of infectious lentogenic NDV from 
full-length cDNA has been described (28, 32). We demon- 
strated that the recombinant virus was phenotypically identical 
to its parent virus, NDV Ctone-30, which is currently used as a 




rNDV :AATGCTAAAAAGGGCCCATGGTCGAGC 
PORF :NAKKGPWSS 

NDV-P l:AATGCTAA[HAAGGGCCCATGGTCGAGC 
PORF : N A K K. GPWS S 

NDV-A6:AATGCTEZZZZ3 GGCCCATGGTCGAGC 
PORF : N A - - G P W S S 

Vstop :AATGCTAAAAAS^CCCATGGTC[t]AGC 
PORF :NAKKGPWSS 
VORF : N A K KGPMV stop 

FIG. 1. Recombinant NDV constructs. A schematic representation 
of the NDV gene order in the negative-strand genomic RNA is shown. 
Sequences around the editing site (positions 2274 to 2300) are pre- 
sented in a positive sense. The modifications resulting in interruption 
of the A stretch in NDV-P1, deletions of six nucleotides of the con- 
served editing site in NDV-A6, and the creation of a stop codon in the 
trans-V frame of NDV-Vstop (Vstop) are shown in boxes. +G indi- 
cates the position for insertion of nontemplated G residue(s). 



live posthatching vaccine (32). In the present study, this re- 
combinant cDNA technology was used to introduce mutations 
into the conserved editing site of the P gene. A single U-to-C 
change within the U stretch substantially reduced the editing 
frequency and hence considerably lowered the level of addi- 
tional proteins generated by RNA editing. The editing-defec- 
tive virus was dramatically attenuated for chicken embryos. 
Here, we describe the effects of this and other mutations on 
viral replication and pathogenesis and discuss the potential use 
of such editing-defective viruses for the development of ND 
vaccines that can be used to immunize chicken embryos. 

MATERIALS AND METHODS 

Viruses and cells. A recombinant NDV, rNDV, which was generated from a 
full-length cDNA copy of the lentogenic ND vaccine virus CIone-30 was de- 
scribed previously (32). A lentogenic posthatching ND vaccine, NDW, was ob- 
tained from a commercial source (Fort Dodge). The velogenic Herts strain 33/56 
of NDV was used for challenge purposes. BSR-T7/5 cells stably expressing phage 
T7 RNA polymerase (4) were used to recover infectious NDV from cDNA. 

Introduction of mutation into the full-length NDV cDNA. The plasmid pflNDV, 
expressing the full-length antigenome RNA of CIone-30 (32), was used to intro- 
duce mutations. Since NDV edits its P-gene mRNA by inserting nontemplated G 
residues (39), we modified the conserved editing site (UUUUUCCC) in the P 
gene of pflNDV. PCR was performed with the template pflNDV using forward 
primer 4 (5'-GCTCCTCGCGGCTCAGACTCG-3\ nucleotides 151 to 171) and 
reverse primers 1 (5 ' - CC ATG G G CCCTTCTT AG C ATTG G ACG -3 ' , nucleo- 
tides 2269 to 2294) and 3 (5'-CCATGGGCCCGCATTGGACG-3\ nucleotides 
2269 to 2294) to introduce one nucleotide change and a deletion of six nucleo- 
tides, respectively (Fig, 1). PCR products were then digested with/la/H and/l/wil 
and cloned into the same sites of pflNDV. To selectively block expression of the 
unique C-terminal part of the V protein, a stop codon was introduced into the 
trans-V frame without affecting the P frame, PCR was performed using primer 20 
(5'-CCCGGGAATCTTCTCTGGCGC-3\ nucleotides 3764 to 3784) and prim- 
er 29 (5'-AAGGGCCCATGGTCTAGCCCCCAAGAG-3', nucleotides 2283 to 
2309). The product was digested with Apa\ and Rsrll and ligated into the same 
site of pflNDV. The nucleotide numbering is based on that of Romer-Oberdorfer 
et al. (32). The region newly introduced into each clone was sequenced to rule 
out PCR-introduced errors. The resultant full-length clones, with one nucleotide 
substitution at the editing site, a deletion of six nucleotides, or the insertion of a 
stop codon in the V ORF, were named NDV-P1, NDV-A6, and NDV-Vstop, 
respectively (Fig. 1). 

In order to be able to grow and characterize the mutants in vitro without the 
addition of proteolytic enzymes, additional mutations were introduced at the F 
protein cleavage site. First, a 3.3-kb Apal-Acl\ fragment of pflNDV was cloned 
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into the Sma\ site of the pUCIS vector. F protein cleavage site modification was 
performed using a site-directed mutagenesis kit (Amersham Pharmacia Biotech) 
with primer MPt (5'-CTCTGACTACATCTGGAGGGCGGAGACAGAAGC 
GCTTTATAGGCGCCA'IT ATTGG-5'. nucleotides 4S57 to 491 1) according to 
the supplier's instructions. The modified plasmid was then digested using Pnill 
and Not\, and a fragment of approximately 1.2 kb was used to replace the 
corresponding fragment of pflNDV. The resultant full-length clone was then 
digested with Pmtl and fii/'WI, and a fragment of approximately 5.1 kb containing 
the modified F cleavage site was used to replace the corresponding fragments of 
NDV-A6 and NDV-Vstop, 

Recovery of recombinant viruses. Approximately 1.5 x I0 ft BSR-T7/5 cells 
stably expressing phage T7 RNA polymerase (4) were crown overnight in 3.2- 
cm-diameter dishes. Cells were transfected with plasmid mixtures containing 5 
\l% of pCite-NP, 2.5 ng of pCite-P, 2.5 u,g of pCite-L, and 10 u.g of one of the 
full-length clones using a mammalian transfection kit (CaP0 4 transfection pro- 
tocol; Stratagene). Three to five days after transfection. supernatant was har- 
vested and inoculated into the allantoic cavities of 9- to 1 1 -day-old embryonated 
SPF chicken eggs. After 3 to 4 days of incubation, the presence of virus in the 
allantoic fluid was determined by a rapid plate hemagglutination (HA) test using 
chicken erythrocytes (3). Supernatants obtained from transfections involving 
full-length clones with modifications at the F cleavage site were serially passaged 
in BSR cells. Virus stocks were prepared from supematants of infected BSR 
cells, and the infectious titers were determined by serial 10-fold dilutions and 
staining of infectious foci with an arui-F monoclonal antibody (MAb). The 
growth characteristics of the viruses were then analyzed in BSR and Vero cells 
as well as in 6- and 10-day-old embryonated SPF chicken eggs. 

Reverse transcription-PCR and determination of P-gene mRNA editing fre- 
quency. BSR-T7/5 cells were infected with the recombinant viruses, and total 
RNA was prepared 24 to 36 h after infection using the RNeasy kit (Qiagen). 
Reverse transcription by avian myeloblastosis virus reverse transcriptase on 1 u,g 
of total RNA was primed with NDV P-gene-specific oligonucleotide P13 (5'-C 
CACCCAGGCCACAGACGAAG-3', nucleotides 2176 to 2196) or oligo(dT) 
primer to amplify only mRNAs. DNA amplification was then performed with 
primers P13 and P17 (5'-ATGAATTCAGCTGTTGGA-3\ nucleotides 2680 to 
2696). The PGR products were analyzed on a \% agarose gel and used directly 
for sequencing or were digested with EcoRV and Sail and ligated into the same 
site of the pSKTTT vector. Cloned plasmids were sequenced from independent 
colonies and examined for the presence or absence of insertion of a nontem- 
plated G residue(s) at the editing site. 

Immunofluorescence analysis. For the analysis of Viral protein expression, 
BSR-T7/5 cells were infected with the recombinant viruses and incubated for 
approximately 18 h. Infected cells were axed for 1 h at room temperature with 
cold ethanol (96%). Cells were then incubated with antipeptide rabbit serum 
directed against the 16 C-terminal amino acids of V protein or MAbs reacting 
with NP or F protein. Cells were washed and stained with fluorescein isothio- 
cyan ate -conjugate d anti-rabbit or anti-mouse antibody containing 0.05% Evans 
blue and examined by fluorescence microscopy. 

Immunoblotting. For virus purification. 9- to 11 -day-old embryonated SPF 
chicken eggs were infected and allantoic fluid was collected 3 to 4 days postin- 
fection. Virus in the allantoic fluid was then purified and concentrated by cen- 
trifugation through a 20% sucrose cushion in a Beckman SW28 rotor at 21,000 
rpm for 90 min. The pellet was resuipended and mixed with protein sample 
buffer to disrupt the virions. Viral proteins from purified virions were then 
resolved by sodium dodecyl sulfate -polyacrylamide gel electrophoresis, trans- 
ferred to polyvinylidene difluoride membranes (Millipore), and incubated with 
antipeptide serum specific for the C-terminal 16 amino acids of the V protein of 
NDV Clone -30 or with a MAb specific for NDV NP protein. Membranes were 
then incubated with peroxidase-conjugated goat anti-rabbit or anti-mouse im- 
munoglobulin G. Proteins were visualized after incubation with peroxidase sub- 
strate (Vector). 

Virus propagation in embryonated eggs. To determine virus titers and embryo 
mortality, serial 10-fold dilutions of the recombinant viruses were prepared, and 
9- to ll-day-old embryonated SPF chicken eggs were inoculated in the allantoic 
cavity with the serial dilutions, in duplicate. A rapid-plate HA test (3) was carried 
out on one set of eggs after 4 days of incubation, and the titer, expressed as the 
50% embryo-infectious dose (EID^). was calculated using the method of Reed 
and Muench (29). The remaining eggs were observed daily for embryo mortality 
for at least 7 days, and the 50% embryo-lethal dose was then determined using 
the same method. To determine the susceptibility of chicken embryos to 
NDV-Pl infection at an early age of embryonation, chicken embryos at the ages 
of 7 and 8 days were infected with 2 log l0 EID^ and observed for 1 week. 

In ovo vaccination and challenge. Eighteen-day-old embryonated SPF or com- 
mercial chicken eggs were inoculated through a hole punched at the blunt end of 



the egg. Using a 23-gauge needle, 0. 1 ml of the virus dilution or negative allantoic 
fluid was injected just below the air membrane. Eggs were further incubated until 
hatching. The percent hatchability was recorded, and chickens were observed 
daily for general health. At 14 days of age, chickens were weighed and blood 
samples were taken. Serum samples were assayed for NDV antibodies in the 
NDV hemagglutination inhibition test (3). At 14 days of age (-17 days postvac- 
cination), all animals were challenged with intramuscularly administered virulent 
Herts strain of NDV. Chickens were observed daily for a period of 10 days for 
clinical signs of disease or mortality. 

RESULTS 

Generation of mutant NDV from cDNA. In order to disrupt 
the conserved P-gene mRNA editing or selectively block ex- 
pression of the unique C-terminal part of the V protein, the 
modifications shown in Fig. 1 were carried out on the full- 
length cDNA clone (pflNDV) of NDV Clone-30 (32). Each 
modified full-length cDNA clone, together with three support 
plasmids expressing NDV NP, P, and L proteins, was trans- 
fected into BSR-T7/5 cells. Transfection experiments were also 
performed with the unmodified full-length cDNA, pflNDV, to 
compare rescue efficiencies. After 3 to 5 days of incubation, 
supematants were harvested and transfected cells were sub- 
jected to immunofluorescence staining using an anti-F MAb. 
At least 20 to 50 immunofluorescence-positive cells were de- 
tected in all of the transfection experiments involving pflNDV 
or modified full-length clones, showing that there were genome 
replication and expression of viral proteins in cell culture. 

Embryonated SPF chicken eggs, which have long been 
known as the best substrates for propagation of lentogenic 
NDVs (14, 25), were then inoculated with transfection super- 
natants. After 3 to 4 days of incubation, allantoic fluid samples 
were harvested and subjected to an HA test. HA was detected 
in eggs inoculated with the supernatant from cells transfected 
with the pflNDV. However, two extra egg passages were re- 
quired for NDV-Pl to be detected using the HA test, suggest- 
ing that this mutant grows slowly when inoculated into the 
allantoic cavity of 9- to ll-day-old embryonated SPF chicken 
eggs. Surprisingly, infectious virus was not detected in the 
allantoic fluid of embryonated eggs inoculated with supema- 
tants obtained from NDV-Vstop and NDV-A6 transfections, 
even after four successive passages. In spite of three repeated 
rescue experiments, we were unable to detect infectious virus 
in the allantoic fluid after passage in 9- to ll-day-old embry- 
onated eggs. 

V protein of NDV is essential for efficient virus propagation. 

In order to determine whether these mutants grow in cell 
culture as efficiently as the wild-type virus, repeated passage in 
culture cells is necessary. However, due to the absence of 
efficient cleavage of the precursor F protein, lentogenic NDVs 
cannot be propagated in most tissue culture systems without 
the addition of proteases. In contrast, velogenic strains are able 
to undergo multiple rounds of replication in cell culture. To be 
able to grow the mutants in vitro, "virulent" versions of rNDV, 
NDV-Vstop, and NDV-A6 were constructed by modifying the 
F cleavage site. The alterations resulted in a change of the F 
cleavage site of Clone-30 (GGRQGR** L) to a cleavage site 
similar to that of a virulent strain (GRRQKR<-» F). Using an 
anti-V-peptide serum specific for the C terminus of V protein, 
the absence of V expression in both mutants was confirmed, 
demonstrating that the introduced mutations were sufficient to 
completely abolish RNA editing. In order to compare the 
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TABLE 1 . In vitro and in vivo propagation of V-deficient NDV 
mutants that posses an F protein cleavage site similar 
to that of a virulent NDV strain 







Infectious titers" 


after propagation in: 


Virus 


BSR cells 


Vero cells 


6- day- old 
embryos 


10-day-old 
embryos 


NDV-A6 
NDV-Vstop 
Wild type 


6 X 10° 
6 X 10° 
4 X 10' 


1 X 10 1 
1.4 X 10 2 
7X 10 5 


2 X 10 2 
4 X 10 2 
1 X 10 s 


0 
0 

1.2 x 10 8 



" For in vitro propagation, BSR and Vero cells were infected at a multiplicity 
of infection of 0.00 I, and the infectious titers in supernatants harvested after 4 
days of infection were determined using end point dilutions in cell culture. For 
in ovo propagation SPF chicken eggs at 6 or 10 days of embryonation were 
inoculated with 1.7 log to focus- forming units/egg and incubated for 4 days. 
Infectious liters in the allantoic fluid were then determined in cell culture after 
endpoint dilutions. Values are in focus-forming units per milliliter. 



growth efficiency of the mutants with that of the wild-type 
virus, BSR and Vero cells were inoculated with the respective 
supernatants at a multiplicity of infection of 0.001. In addition, 
6- and 10-day-old embryonated SPF chicken eggs were inocu- 
lated with 1.7 log 10 focus-forming units/egg. Infected cell cul- 
tures and embryonated eggs were incubated for 4 days, and the 
titers of infectious viruses in cell culture supernatants or allan- 
toic fluid were determined. In vitro, the titers of both mutants 
were 600- to 5,000-fold lower than the titers of the wild-type 
virus depending on the type of cells (Table 1). This remarkable 
growth impairment of both mutants in cell culture indicates 
that V protein plays a crucial role in NDV replication. In 
6-day-old chicken embryos, both mutants yielded more than 
200,000-fold-lower titers than the wild-type virus (Table 1) and 
did not cause any embryo mortality. Interestingly, the mutants 
were completely unable to propagate in 10-day-old embryo- 
nated eggs, even after serial passage, indicating that V is also 
a pathogenesis factor. The wild-type virus grew to identical 
titers in younger and older embryos and caused mortality of up 
to 100%. 

NDV-P1 expresses a low level of V protein. The mutant 
which could be propagated in embryonated eggs, NDV-P1 , was 
then serially passed two or three times in 9- to 11-day-old 
embryonated eggs. The infectious titers of this mutant after the 
fifth and sixth egg passages were 6.7 and 7.1 log 10 EID 50 per 
ml, respectively, which were at least 100-fold lower than the 
titer obtained for the parent virus after the third egg passage 
(9.2 log 10 EID 50 per ml). Experiments described here were 
carried out using the sixth passage of NDV-P1 except where it 
is stated that the fifth passage was employed. BSR-T7/5 cells 
were infected with NDV-P1 or the parent virus rNDV and 
subjected to immunofluorescence analysis. Using MAbs di- 
rected against NDV NP or F protein, the levels and patterns of 
NP and F protein fluorescence in cells infected with the mutant 
and the parent virus were indistinguishable (Fig. 2). In con- 
trast, an anti-V peptide serum specific for the C terminus of V 
protein reacted with intense fluorescence only with cells in- 
fected with the rNDV. The same dilution of the serum re- 
vealed a specific but very' weak fluorescence in NDV-Pl-in- 
fected cells, suggesting a low level of V expression (Fig. 2). 

V protein is a structural component of NDV; therefore, it 
was of interest to determine whether the low level of V ex- 
pression in infected cells would lead to low-level incorporation 



of V into virions. Thus, virions purified and concentrated 
through 20% sucrose were subjected to immunoblotting exper- 
iments. Using an NP-specific MAb, which is reactive with the 
NP protein of both viruses with equal sensitivity, it was possible 
to standardize the amount of protein loaded into the gel (Fig. 
3). Although comparable amounts of rNDV and NDV-P1 pro- 
teins were subjected to the Western blot analysis, the amount 
of V protein of NDV-P1 was considerably smaller than that of 
rNDV, demonstrating low-level V protein incorporation into 
NDV-P1 virions. Analysis of diluted samples by Western blot- 
ting revealed that the V protein content of NDV-P1 virions 
was approximately 20-fold lower than that of rNDV. 



rNDV NDV-P1 




FIG. 2. Low-level V protein expression in NDV-Pl-infected cells. 
BSR-T7/5 cells were infected with rNDV or NDV-P1 at a multiplicity 
of infection of approximately 0.01. Eighteen hours after infection, cells 
were processed for indirect immunofluorescence after incubation with 
MAbs specific for NP protein (top) or for F protein (bottom) or anti-V 
peptide serum (middle). Although the levels of NP and F protein 
expressions in cells infected with both viruses were indistinguishable, 
the level of V protein expression was considerably lower in cells in- 
fected with NDV-P1 than in those infected with rNDV. 
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1 



FIG 3 NP and V proteins of sucrose-purified recombinant viruses. 
Virions in the allantoic fluid of infected embryonated eggs were puri- 
fied by centrifugation through 20% sucrose. The volumes loaded for 
NDV-PI were 4.5-fold greater than those for rNDV in order to nor- 
malize for NP protein content. Samples were loaded in duplicate, and 
blots were incubated with anti-NP MAb (lanes 1 through 3) or with 
anti-V peptide serum (lanes 4 through 6). AF, allantoic fluid from 
noninfected embryonated eggs; PI, NDV-P1. 



As the V protein of NDV can be produced only by the RNA 
editing process, we determined the sequence around the edit- 
ing locus from a total of 72 independent colonies of plasmids 
derived from NDV-PI. As expected, we found a plasmid con- 
taining an insertion of one nontemplated G residue leading to 
V-ORF (1.4%), in spite of the presence of a modification at 
the editing site (Fig. 4). For comparison, 41 independent col- 
onies were sequenced for rNDV; 28 out of 41 (68.3%) of the 
sequenced plasmids encoded the unedited version of P protein, 
and 12 out of 41 (29.3%) encoded the V protein with an 
insertion of one nontemplated G residue. Only one plasmid 
out of 41 (2.4%) possessed an insertion of two nontemplated G 
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FIG. 4. P-gene mRNA editing in NDV-Pl-infected cells mRNA 
sequences in the regions of the editing site with the unedited P ORF 
or with insertion of one G residue (+G) coding for V ORF are shown. 
NDV-PI (PI) edits its P-gene mRNA in spite of the interruption of the 
five A residues by A-to-G substitution (*). 




2 3 
log I0 EID 50 /ml 

FIG. 5. Pathogenicity of rNDV and NDV-PI in SPF chicken em- 
bryos. Eleven-day-old embryonated SPF chicken eggs were inoculated 
with the parent rNDV (passage 3) or the mutant NDV-PI (passage 5) 
and incubated for 7 days or until the embryos had died. NDV-PI 
caused no embryo mortality for 7 days at all indicated -doses (0.2 
ml/egg), whereas rNDV was lethal at a dose as tow as 1 EID 50 /ml 
(approximately 10% mortality). Embryos inoculated with rNDV 
started to die as early as 3 days postinoculation at higher doses. 



residues and hence encoded W protein. The frequency of RNA 
editing of the wild-type virus is very similar to the results 
obtained by Steward et al. (39), except that plasmids encoding 
W protein were approximately threefold less abundant in this 
study. Compared with the wild-type virus, the NDV-PI vims 
edits its P-gene mRNA at an approximately 20-fold lower 
frequency and hence synthesizes V protein at a correspond- 
ingly low level. Taken together, these results showed that the 
substitution that interrupts the U stretch at the editing locus 
did not completely block P-gene mRNA editing but dramati- 
cally reduced the RNA editing frequency. 

NDV-PI is attenuated for chicken embryos. NDV isolates 
vary in their virulence for chicken embryos as well as for 
chickens. The degree of virulence of a given NDV isolate can 
be measured by assessing the pathogenicity of the virus for 
1-day-old chickens after intracerebral inoculation (2). Using 
this method, the intracerebral pathogenicity index of the 
rNDV was found to be identical to that of the wild-type parent, 
Clone-30 (32). Another method is to evaluate the time re- 
quired for the virus to cause embryo mortality after allantoic 
inoculation. To determine the embryo mortalirv caused by 
NDV-PI, 10-fold serial dilutions of passage 5 of NDV-PI were 
inoculated into 1 1-day-old embryonated SPF chicken eggs (0.2 
ml/egg), which were then incubated for 1 week. Interestingly, 
no specific embryo mortality was detected during the 7-day 
incubation period, showing that NDV-PI was not lethal for 
embryos even with a dose as high as 6 log 10 EID^-'ml (Fig. 5). 
Chicken embryos inoculated with the parent virus, rNDV, 
started to die as early as 3 days postinoculation, at doses higher 
than 4 log 10 EID 50 /ml. The difference between the 50% infec- 
tious dose and 50% lethal dose of rNDV was only 0.3 log t0 . In 
contrast, this difference was as high as 6.7 log 10 for NDV-PI, 
showing that it was attenuated at least 10 6 -fold more than its 
parent virus. To further analyze the pathogenicity of NDV-PI 
for younger embryos, 7- and 8-day-old embryonated SPF 
chicken eggs were inoculated at a dose of 2 log 10 EID^egg 
and observed for 1 week for embryo mortality. Interestingly, 
NDV-PI was capable of causing embryo mortalirv reaching 62 
and 23% for 7- and 8-day-old embryos, respectively. NDV-PI 
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TABLE 2. Hatchability and body weight of chickens 



after in ovo vaccination 


Virus 


Dose" 


Hatchability (%) h 


wr r 


NDV-P1 


3.5 


22 (73) 


133 


NDV-P1 


4.3 


28 (93) 


135 


NDV-P1 


5.4 


21 (70) 


115 


rNDV 


5.0 


7(23) 


ND 


NDW 


5.1 


7(23) 


85 


Control 


0 


29 (96) 


141 



" Log,,, EID jn per egg calculated after back titration of the samples. 
h Number of chickens hatched from 30 eggs. 

c Mean body weight in grams at 2 weeks of age. ND, not determined. 



reached a 10-fold-higher titer in these younger embryos than 
the virus grown in 9- to 11 -day-old embryonated eggs. NDV-P1 
was not lethal for SPF chicken embryos after 8 days of em- 
bryonation, indicating an age-dependent resistance of chickens 
to disease caused by NDV-PL 

In ovo vaccination of SPF chicken embryos with NDV-PL 
NDV-P1 did not cause embryo mortality when applied to 9- to 
11-day-old embryos; therefore, an in ovo (embryo) vaccination 
experiment was carried out to determine the safety of NDV-PI 
in older embryos. We chose to perform this experiment in 
18-day-old embryonated SPF chicken eggs because commer- 
cially available embryo vaccines are routinely administered at 
this age of embryonation. Hatchability was found to be up to 
93% for NDV-Pl-vaccinated chickens, compared to 96% for 
the control group (Table 2). The lowest hatchability (23%) was 
seen in eggs inoculated with either the parent rNDV or NDW, 
a live attenuated posthatching vaccine. At 2 weeks of age, the 
mean body weights of chickens hatched from NDV-Pl-inocu- 
lated eggs ranged from 115 to 135 g, compared to 85 g for the 
animals that had received a comparable dose of NDW (Table 
2). 

NDV-P1 protects SPF chickens against a lethal challenge. 

To determine whether protective antibodies were induced in 
chickens hatched from eggs vaccinated in ovo, blood samples 
were collected at 2 weeks of age and animals were challenged 
with a velogenic Herts strain of NDV. Chickens vaccinated as 
embryos with NDV-P1 developed high antibody levels in a 
dose-dependent manner (Table 3). Interestingly, the level of 
protection against lethal challenge reached more than 95% in 
a dose-dependent manner. All control chickens died within 3 
days of challenge, These data show that NDV-P1 can confer 
full protection when administered to 18-day-old SPF chicken 
embryos. 



TABLE 3. NDV-P1 applied at day 18 of embryonation protects 
SPF chickens against lethal NDV challenge 



Virus 


Dose (log lt , 
ElD^egg) 


Mean HI" 


Survival {%f 


NDV-P1 


3.5 


4.0 ± 1.1 


19/20 (95) 


NDV-PI 


4.3 


4.8 ± 1.0 


20/20 (100) 


NDV-PI 


5.4 


5.4 ± 1.2 


19/19 (100) 


Control 


0 


0.7 ± 0.5 


0/20 (0) 



a HI, log 2 hemagglutination-inhibition titer at 2 weeks of age. 
6 Chickens were challenged with the Herts strain of NDV (5.5 log in EID^ 
chicken) intramuscularly. 



TABLE 4. Safety and efficacy of NDV-PI in commercial chickens 
vaccinated in ovo at IS days of embryonation 



Virus 


Dose" 


Hatchability 
(%f 


Hl e 


Bodv 
wr 7 ' 


Survival 

(%r 


NDV-P1 


3.7 


29 (96) 


1.4 ± 1.0 


439 


7/20 (35) 


NDV-P1 


4.5 


29 (96) 


1.5 ± 0.9 


413 


15/20 (75) 


NDV-PI 


5.7 


27 (90) 


1.8 ± 1.1 


438 


17/20 (85) 


Control 




29 (96) 


1.2 ±0.9 


440 


4/20 (20) 



° Log,o EIDjrt per egg, calculated after back titration of the samples. 
b Number of chickens hatched from 50 eggs. 

c HI, hemagglutination-inhibition titer (log 2 ) against NDV at 2 weeks of age. 
d Mean body weight in grams at 2 weeks of age. 

* Chickens were challenged with the Herts strain of NDV at a dose of 5.5 log lo 
ELD^/chicken intramuscularly. 



NDV-PI in commercial chicken embryos. In the study in- 
volving SPF chickens in which NDV specific antibodies are 
absent, a dose as low as 3.5 log 10 EID 50 protected 95% of the 
animals. In contrast, embryos from commercial chickens ac- 
quire passive immunity by the transfer of maternal immuno- 
globulins from serum to egg yolk. Such passive antibodies, 
which can be present at high levels (4 to 7 log 2 hemagglutina- 
tion inhibition units) in very young chickens from immunized 
parent flocks, might impair the effectiveness of live virus vac- 
cines by neutralizing the vaccine virus. To examine the safety of 
NDV-PI and its ability to confer protection in the presence of 
maternally derived antibody, in ovo vaccination of commercial 
chicken embryos was performed. Hatchability of embryonated 
commercial chicken eggs was not affected by in ovo adminis- 
tration of NDV-PI (Table 4). Moreover, the body weights of 
all groups of chickens vaccinated with NDV-PI were compa- 
rable to those of the unvaccinated control group, demonstrat- 
ing the safety of NDV-PI when administered in ovo to 18-day- 
old embryonated commercial chicken eggs. The level of 
antibody response and protection of chickens vaccinated as 
embryos with NDV-PI depended on the dose administered 
(Table 4). In the group that had received the highest dose, 85% 
of the chickens were protected against challenge, demonstrat- 
ing the ability of NDV-PI to break through maternal antibody 
and confer protection. 

DISCUSSION 

The V protein of the Paramyxoviridae is one of the most 
conserved P-gene-derived accessory proteins and is character- 
ized by a cysteine-rich C-terminal region. Based on in vitro and 
in vivo results, the V protein and other P-gene-derived acces- 
sory proteins of members of the Paramyxoviridae were catego- 
rized as nonessential gene products. In this study, NDV mu- 
tants lacking V protein showed severe growth impairment in 
vitro and in 6-day-old embryonated chicken eggs. In contrast, 
no virus growth could be detected in 9- to 11-day-old embry- 
onated eggs, indicating that V protein plays a dual role in virus 
replication and pathogenesis. Apart from the mutants com- 
pletely lacking V protein, we succeeded in recovering attenu- 
ated NDV by introducing specific mutations at the conserved 
editing locus, which resulted in down regulation of V protein 
expression instead of complete abrogation. 

It has long been documented that lentogenic NDVs are 
unable to produce infectious viruses in most tissue culture 
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systems without the addition of proteases. This is mainly due to 
the absence of efficient cleavage of the precursor fusion pro- 
tein FO to FI and F2 (25). Chicken embryos, in contrast to cell 
cultures, support the propagation of lentogenic NDVs to high 
titeps and are obviously the best choices for the propagation of 
newly generated recombinant viruses. Thus, transfection su- 
pernatantswere passed into 9- to 11-day-old embryonated SPF 
chicken eggs. However, apart from the rNDV, the only viable 
recombinant virus that was recovered after passage in embry- 
onated eggs was NDV-P1. The mutant NDV-P1, in spite of the 
one nucleotide substitution at the editing site, was found to 
edit its P-gene mRNA, albeit at a 20-fold-lower frequency. 
NDV-P1 was able to propagate autonomously in 9- to 11-day- 
old embryonated eggs and reached a peak titer of 7.1 log 10 
EID 50 /ml after six egg passages. Interestingly, a 10-fold-higher 
titer was obtained when this mutant was grown in 7- or 8-day- 
old embryos. In contrast, NDV-Vstop and NDV-A6 mutants 
were unable to grow in 9- to 11-day-old embryonated eggs 
despite repeated rescue and passage experiments. In order to 
be able to propagate the mutants in cell culture, we con- 
structed virulent versions of the mutants and the wild-type 
virus by modifying the F protein cleavage site. Compared with 
the virulent wild-type virus, the mutant viruses required one or 
two extra cell culture passages to produce cytopathic effects in 
approximately 80% of infected BSR cells, suggesting that ab- 
olition of V expression may lead to prolonged replication. The 
mutant viruses showed severe impairment in replication in 
both BSR and Vero cells and grew to titers which were as much 
as 5,000-fold lower than the titer of the virulent wild-type virus, 
demonstrating the requirement of V protein for efficient virus 
replication in vitro. The difference in growth between the wild 
type and the mutants was very dramatic in embryonated eggs. 
Although the virulent wild-type virus grew to identical titers 
both in young and older embryos (approximately 10 s focus- 
forming units/ml), the mutants grew to more than 200,000- 
fold-lower titers in 6-day-old embryonated eggs. In 9- to 11- 
day-old embryonated eggs, which are commonly used for NDV 
propagation, no virus growth could be detected. This indicates 
that V plays an important role in NDV pathogenesis in addi- 
tion to its involvement in virus replication. 

The mutant NDV-Vstop was constructed in order to distin- 
guish the role played by V from that of W. The severely 
impaired in vitro and in vivo growth of NDV-Vstop, therefore, 
provides evidence that the cysteine-rich C terminus of V pro- 
tein was mainly responsible for this incompetence. A mutant of 
SeV lacking the cysteine-rich C-terminal portion of V protein 
was also attenuated in vivo but replicated well in vitro, sug- 
gesting that this portion of the V protein is particularly respon- 
sible for in vivo attenuation (18). However, our results dem- 
onstrate that V protein is not only a pathogenesis factor in vivo 
but also an important regulatory protein in virus replication. 
Interestingly, this cysteine-rich C-terminal portion of V protein 
is expressed by all members of the Paramyxoviridae except 
HPIV-1 and HPIV-3 (11, 23), suggesting an important func- 
tion associated with V protein. Whether the C-terminal por- 
tion of NDV V protein interacts with other viral or host cell 
proteins to modulate NDV replication and pathogenesis re- 
mains to be established. 

In general, lentogenic NDVs are propagated by inoculating 
them into 9- to 11-day-old embryonated chicken eggs and 



harvesting allantoic fluid containing infectious virus 2 to 4 days 
after inoculation. Prolonging the incubation period to 7 days 
causes embryo mortality of up to 100%. During prolonged 
incubation, the infectious dose and the lethal dose do not differ 
much. In contrast to the situation with the parent virus, the use 
of high doses of NDV-P1 and prolonged incubation were not 
lethal to embryos, demonstrating that NDV-P1 is dramatically 
attenuated for chicken embryos (Fig. 5). The difference be- 
tween the infectious and lethal doses of NDV-P1 was as high as 
6.7 logi 0l compared to 0.3 log 10 for the parent virus, showing 
that NDV-Pi is attenuated more than 10 6 -fold (Fig. 5). Inter- 
estingly, NDV-P1 was able to cause embryo mortality when 
administered to embryos younger than 9 days old. The mor- 
tality reached 62% at day 7 of embryonation and decreased to 
23% at day 8. NDV-PI also reached a 10-fold-higher titer in 
these younger embryos than the virus grown in 9- to 11-day-old 
embryos. This age-dependent resistance of chicken embryos to 
NDV-PI and V-deficient mutants suggests a possible role for 
the innate or adaptive immune response in completely pre- 
venting growth of V-deficient mutants and pathogenicity of 
NDV-PI after 8 days of embryonation. It has long been known 
that IFN-mediated resistance of chicken embryos to viral in- 
fections increases with age (24). The phenotype of these V- 
defective mutants strongly suggests that they have an impaired 
ability to antagonize the host's innate response, in addition to 
having a severe replication impairment. The specific role of 
NDV V protein in virus replication and its involvement in 
counteracting innate immune responses is currently under in- 
vestigation. 

Recombinant SeV and MV that are defective for RNA ed- 
iting and are, therefore, unable to express V protein were 
shown to be attenuated in vivo, although in vitro replication 
was not impaired (8, 17, 18, 40). Recent publications suggest 
that SeV and SV5 block activation of IFN-responsive genes by 
interacting with a cellular target, STAT1 (9, 10, 13). For SeV, 
the C protein was identified as being responsible for counter- 
acting the IFN-induced antiviral state, whereas in SV5 it was 
the V protein that accounted for inhibiting IFN signaling by 
targeting STAT1 for proteasome degradation. Thus, the key 
determinant in SeV and SV5 pathogenicity appears to be the 
prevention of the IFN-mediated antiviral response. In contrast, 
treatment of HeLa cells with 1,000 IU of IFN produced no 
difference in IFN sensitivity between wild-type MV and V- 
deficient MV, suggesting that the IFN system probably does 
not play a major role in limiting the spread of MV that lacks V 
protein (27). It is possible that the V proteins of different 
members of the Paramyxoviridae function differently, perhaps 
in a host-specific manner, to overcome the antiviral effect of 
the immune system. In agreement with this, Didcock et al. (10) 
demonstrated that SV5 blocks IFN signaling in human but not 
in murine cells, showing that the action is host cell specific. 
This property may prevent one virus from crossing species 
barriers and causing disease in another species. 

In most parts of the world, chickens and turkeys have to be 
protected against the ravages of ND by ND vaccines adminis- 
tered to hatched birds through drinking water, aerosols, or eye 
drops or by parenteral routes. In recent years, the in ovo 
technology using automated multiple-head injectors to deliver 
vaccines in embryonated eggs has largely replaced certain post- 
hatching poultry vaccines. Vaccination is generally carried out 
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at day 18 of embryonation and provides a labor-saving alter- 
native to posthatching vaccination. Moreover, in ovo vaccina- 
tion facilitates administration of a uniform dose of vaccine into 
each egg. Most posthatching NDV vaccines are based on len- 
togenic NDV strains that are safe for hatched chickens. Cur- 
rently, however, there is no live ND vaccine that can be ad- 
ministered in ovo, mainly due to high embryo mortality and 
very low hatchability, even with the highly attenuated NDV 
strains. Thus, further attenuation of lentogenic NDV strains 
was necessary to render it safe for use as an embryo vaccine 
without losing immunogenicity. In the present study we suc- 
ceeded in generating a recombinant NDV that is dramatically 
attenuated for chicken embryos. When the vaccine was admin- 
istered at day 18, hatchability was not substantially affected., 
and hatched chickens reached body weights similar to those of 
control chickens (Table 2). NDV-P1 was able to induce a 
sufficient immune response to fully protect SPF chickens from 
a lethal challenge despite its reduced replication in embryo- 
nated eggs. NDV-P1 was able to confer protection not only in 
SPF chickens without maternally derived antibody but also in 
commercial chickens with high levels of maternal antibody 
(Tables 3 and 4). It is remarkable that NDV-P1 can provide 
protection in the face of the high levels of maternally derived 
antibody present at the time of administration and to confer 
protection in 85% of the chickens. The level of protection is 
dose dependent, and a relatively higher dose is required in 
commercial chickens with neutralizing maternal antibodies to 
achieve a high degree of protection than is required in SPF 
animals. Since passive immunity levels vary from flock to flock, 
the dose selected for practical use should remain safe in SPF 
chickens, in order to make sure that vaccination does not have 
adverse effects in animals with low levels of maternal antibody. 

The attenuated mutant virus NDV-P1 not only is an attrac- 
tive candidate embryo vaccine but also provides some insight 
into the effects of reduced levels of V protein expression in 
virus replication and pathogenicity. The phenotype of NDV-P1 
and the inability of NDV-A6 and NDV-Vstop to propagate in 
9- to 11-day-old chicken embryos demonstrated that genetic 
manipulation directed toward reducing V protein expression 
rather than abolishing it completely is the more promising 
strategy for developing a viable attenuated NDV. Such an 
attenuated virus is also an attractive vaccine vector for the 
expression of immune-stimulatory proteins or heterologous 
antigens derived from other poultry pathogens. Furthermore, 
scientific interest in NDV therapy is currently reviving, since 
NDV is remarkably effective in selectively killing tumor cells in 
humans and animals (30, 34). The possibility of generating 
recombinant NDV will conceivably facilitate the design of a 
safe and effective NDV-based anticancer therapy for humans 
and animals. 
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The alpha/beta interferon (TFN-a/(i) system is a major com- 
ponent of the host innate immune response to ^jfi*" 
(reviewed in reference 1). IFN {It., IW and several IFN« 
ypes) is synthesized in response to viral mfecnon due to the 
activation of several factors, including IFN regulatory factor 
proteins, OT-kB, and AP-l family members As a conse- 
quence, viral infection induces the transcriptional upregulation 
of IFN genes. Secreted IFNs signal through a common recep- 
tor activating a JAK/STAT signaling V^^fl 
the transcriptional upreguladon of numerous IFN-responswe 
genes, a number of which encode antiviral proteins, and leads 
U the induction in cells of an antiviral state. Among the anti- 
viral proteins induced in response to IFN are PKR, W - 
oligoadenylate synthetase (OAS), and the Mx proteins (10, 15, 

^Many viruses have evolved mechanisms to counteract the 
host IFN response and, in some viruses, including vaccmia 
5£ adenovfrus, and hepatitis C vims, % 
nut activities have been reported (3, 6, 12, 16, 17. 91, 
58) Among ncgative-strand RNA viruses, several different 
rFN-subvcrting strategies have been identified that target a 
variety of components of the IFN system. The ™» 
NSl protein, for example, prevents production of IFN by m- 
hibiting the activation of the transcription factors JhN regula- 
tory, factor 3 and NP-kB and blocks the activation of the IFN- 



induced antiviral proteins PKR and OAS (4. 18, 55 59- N 
Donelan, X. Wang, and A. Qarda-Sastre, unpublished data). 
Among the paramyxoviruses, different mechamsms are em- 
ployed by differentviruses (fiO). For example, the "V proteins 
of several paramyxoviruses have previous* been shown to in- 
hibit IFN signaling, »»t *e targets of different V proteins vary 
(32 47). In the case of Sendai virus, the "C" proteins, a set of 
four carboxy-coterminal proteins, have been reported to block 
IFN signaling both in infected cells and when expressed alone 
(19 21 22. 27, 30). In contrast, respiratory syncytial virus, 
which encodes neither a C nor a V protein, produces two 
nonstructural proteins, NSl and NS2, that U e reported w 
cooperatively counteract the antiviral effects of IFN M). 
Ebola virus, a nonsegmentcd, negative-strand RNA virus of 
the family Fthviridae that possesses a genome structure similar 
to that of the paramyxoviruses (29), also encodes at least one 
protein, VP35, that counteracts the host IFN response (-)- 

Viral IFN antagonists have been shown to be important 
virulence factors in several viruses, including herpes simplex 
virus type 1, vaccinia virus, influenza virus, and Sendai virus. 
Analysis of viruses with mutations in genes encoding herpes 
simplex virus type 1 1CP34.5 (8, 38), vaccinia virus E3L (6), 
influenza virus NSl (18, 56). and Sendai virus C . (13, 20) pro- 
teins has demonstrated an important role for each of these IFN 
antagonists in viral pathogenicity in mice. Because DPN antag- 
onists are important virulence factors, their identification and 
characterization should provide important insights into viral 

Pa £?SS S cDNAs for Newcastle disease virus (NDV) have 
recently been developed (31, 42, 49, 51) and permit the intro- 
duction of foreign genes into the NDV genome (31. 42, 53 ). 
We constructed a recombinant NDV expressing the green flu- 
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orescence protein (GPP), NDV-GFP, and show that this virus 
is the antiviral effects of IFN. We have taken 
advantage of this IFN-sensitive property and developed an 
NDV-GFP-based assay to identify proteins that exhibit IFN- 
antagonist activity. Using this system, we provide evidence that 
the NDV V protein possesses IFN-antagowst acttvity. We fur- 
!L use thhLsay to show that the V, W. and C : protons of 
Nipah virus, an important emerging pathogen that is highly 
lethal in humans (9. 14, 34), also exhibit IfN-antagomst activ- 
ity. 

MATKftlALS AND METHODS 
Wis and pbsmida. Chicken embryo fibroblasts (CEFs) were <pi^ 
irXoW ^cifi^thc.Ern.ffcc embryos (Chart* River SPAFAS. North 
Franca, Conn). Ckf* and Vero cells were maintained ■ mmun.1 
^^(KrWco-tainmg 10* fetal bovine serum (FDS) ^'^J*; 
Sed Eagle medium with 10% FBS, respectively. The to*-— «» ™ ^ 
Btota vL VP35 protein expression plasmids Iwve been desenbed previous* (2, 

SS C«ns*n*llon and (trowth of a GH'-xiHTS.ing NDV. The enhanced OFF open 

twee* the P and M genes of the previously ***^"f^l?££ 
(42) (Fb> I). This virus. NDV-GFP, was then rescued from cDNA ,*t u>mg 
prions* described method (42), and the presence in .he vjral genua* > ^ 
Sorted GFP gene was confirmed by reverse tiunscrun.on.PCR '»* d ^~ 

Ul Vina litem were determined as TCUVml on CEP*. Brtcfly. yfi-wdi p » 

cSaintag CEFs ware infected with IftftJd serial diluoons of w» * 2d* 

Section, cells were fixed With 2.5% formaldehyde contuinuig 

X$& Son of individual wells was determined by indirect .nununofluo^ 

L^wTpolclonal. smi-NDV rabbit antomm « the W^l" d 

ruTescl^iocyarale-i^ 

Cloning of .he NDV V OKP and U» Mp- *- V. W, .* 
V ORF wLeonnruo-d by PC* amplification from the wOd-*!" H,,chneI 



,T» rj yik coc ATT. GTC GAG CC and the antisease pnmer 5 -CG SIi 
QAOTtSSt ACTCTCTGT GATATC, each containing an Athot s*rta»> 
SS^S^^S «* V N ORF, .be sense prtaer -CC 
Zxm ATOGCC ACC TIT ACA GAT and tt. anasense P™' 5 "^ 
P TFgAC TCA TTT AGC ATT OGA CGA TTf were used. FoMhe NDV 
LJi.uftM mw.. - . ccC ATG G i-c GAG OOC OCA and 

ORF. toe sense pnmer QAAT^CCC £rG ^ ^ ^ ^ 
the antisenso pnmer 5 -Cu cry tw i""' 11 

^Tte^ah vine cDNAa were constructed by PCR without template by nsmg 

uvrU^rdTCligonuCleotid^carrc^^ acees^onnutnber 

NC^ST^OBFccm S pon< lt t D nu^^^ 

Urtl non-template^ncodcd G residue inserted after ration 3624. rhc W 

OKP cor^eLL 10 nucleotides 2406 to 3756 but conuin, two no.rtcmpt^- 

Zde^^idues inserted after position 3624. TneC ORF 

nuclides 2428 » 2928. All ORfS were cloned into the «^ n w ^™ 

TJmM oCAGGS (44). Because the C ORF lies wilhm .he V and W ORR. it 

^ if .be fust ATG in these plasrmds were bypassed. Therefore, »U pi^mrfs 
V or W proteins contained ''^^g'SZSZ 
T^he predicted fflart of the C protein were muwtad to ACO. Mdmw 
iZd bVexpeeted to eliminate or significantly reduce the level 
p l0 .ein that^gbt be ttpressed. Additionally, a V f^,2?I? < ?S?C 
wu anwtated to which the Wo tandem ATGs at the predicted ^start of the C 
S JSZZ "JXEr* AOS and , «o P code,, was 

die C ORF. The changes did not affect Oe translauon of be V proteu.. 
Primer seuuenees and PCR conditions are available upon ' •f**; ™ 
Trapafeetion and Infect** of CW> ccUs. One day prior ^ ^ 

weTsteded Onto 24-weU pUtes such thi.1 they would be «°* « , * fl "" i .^ 
£££^2* The med'imn was replaced with W «1 of M 
^JtfbmJoi » FBS. Transfcction rni« U rc 5 were prepared^ polype 
,X « fouows. first, 2 w of pusmw D*A ^ O""^ 10 50 ^ m 
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untreated IFN500u/ml IFN 1000u/ml pCAGGS 




anti-IFN antibody: 




FIG, 2, Transfection 



of CEFswith plasmicl DNA induces production of lFN-a/0 and represses NDV-GFP repletion, CEFs were Jeft untreated 
.hli^f i^^aTsoO U f Bl or LOW U (CVml, or were transected with the ernpty expression plasmid pCAGGS (D . 
hvte IX IFN-oi/p at sou y w«" ' « ^ A# Mlltrill { . 0 ^t.Wv auJut chicken IFN. Transection of cells 



postinfection. 



(Oihco) Then, 6 ui of Fugene 6 (Roche) previously diluted to 50 »t in OptiMEM 
was added to Ihe polystyrene lube. The trtitfection mixtures were incubated for 
20 mirt at room temperature and added to cells. Afwr M h of irtfufcarion at 
37C in 5% CO* the transfectcd cells were washed briefly with phosphate- 
bwffcred saline and infcewd with NDV-GFP (multiplicity of infection. (MOT] of 
1 to 2) at room temperature for 30 to 60 min. The inoculum waif theft aspirated 
and 0-SrrJof MEM-10% FftS was added to the cells. The infected <*slU were 
incubated for 20 h at 37°C in 5% CQj prwr to detection of green fluorescence. 

Neutralisation of chick** IFN. Chicken IFTWji (1,000 Or 5AO U) was added 
to cells S h after transection or to riOntransfected cells where Specified. Neu^ 
tralizing mouse antibody against chicken TR* was added together with IFN or 
immediately after transection where specified. The chitAcn IFN and the win- 
chieken IFN antibodies were kindly provided by Peter Stueheli (University of 
Freiburg) and frirnd Raspers (University of Munich). 

FACS warysi*. Cells either mock-infected or infected with NDV-GFP were 
detached from dishei by treating the cells with trypsin-EDTA and resuspendin B 
them in 1 ml of MliM-10% FBS, The relative mean intensity of green IluOfei- 
cencc of the cells was determined by fluorcscenct^ctivated ccll^rting (FACS) 
analysis with a 3eclunan*Ceulter Hpics XL-MCf. fluorescence-activated cell 

^Reporter Bene assays in Vex* cells. V*«> cells were iransfected wi(h three 
nlasmids; a pCAGGS construe of the gene of interest, a phemid containing lite 
chloramphenicol aoetykranaferivsa (CAT) gene downstream nf an TFN-stimu. 
lated response element ((SRE) (pWSG-54-CA'O, and a construct encoding the 
fkrtito lucifcrase protein (pRVtk), The cells were transected with 1 u£ of each 
reporter pltomid and 5 j*fi of the expre$*ion pJasmitl by usirtft the transfeCliftn 
reliKem Lipofectamine 2000 (Inviuogen). The following day Ihc medium was 
replaced with medium containing 1.000 !U of 1FN-0M *nd incubation was 
continued overnight. The cells were harvested, and the cell pellet was resus- 
pended in phospruite-buirered saline and divided into two aliquois for artalysts of 
the CAT and luciferase activities. CAT auays were performed »s previously 
described (SOa). Lucifcrase assays were performed by using the Rcmlla lucifcrase 
aaay system (Promega) accordin S to the manufacturer'* instructions. 

RESULTS 

Construction of an NDV that expresses GFP. The GFP ORF 

was cloned between the P and M genes of the previously 



described NDV Hitcbnei Bl cDNA (42) (Fig. 1A). This virus, 
NDV-GFP, was then rescued from cDNA by previously de- 
scribed methods, and the presence of the inserted GFP gene in 
the viral genome was confirmed by reverse transcription-PCR 
and sequencing (data not shown). The growth of this virus on 
CEFs was compared to that of the parental recombinant 
Hitchner Bl strain and to the original NDV Hitchner Bl vims 
used to construct the infectious cDNA (Fig. IB). Growth of the 
GFF-exprcssing virus was similar to that of the viruses without 
the GFP insert. As expected, infected CEFs displayed strong 
green fluorescence at 1 day postinfection (Fig. 2A). 

Transfection of CEFs with plasmid DNA induces production 
of IFN and represses NDY-OFf replication- We examined the 
effect of treating CEFs with chicken IFN prior to NDV-GFP 
infection. Infection of untreated CEFs resulted in GFP cxpres- 
sion (Fig. 2A). When cells were treated with 500 Of 1,000 U of 
chicken IFN-a/p per ml 1 day prior to infection, viral GFP 
expression was greatly reduced, suggesting that viral replica- 
tion was significantly impaired (Fig, 2B and C). However, viral 
GFP expression was restored when a neutralizing anti-chicken 
IFN antibody was added 8 h after addition of IFN (Fig. 2E and 
F). We also found that prior transfection of celts with plasmid 
DNA blocked GFP expression, and this inhibition was even 
more pronounced than when cells were pretrcated with 1,000 
U of IFN/ml (Fig. 2D). GFP expression could be restored in 
transfected and infected cells by addition of anti-IFN antibody 
to the cell culture supernatant, suggesting that DNA transfec- 
tion inhibits NDV-GFP replication largely, if not exclusively, 
through the induction of IFN production (Fig. 2G). We have 
also established that cell supernatants taken from transfected 
cells and transferred to fresh CEFs inhibit NDV-GFP replica- 
tion (data not shown). Interestingly, the induction of an IFN 
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,0. 3. E^on of the influen* vin* NSI or Ebola "-VP35^ 
JSc. ion. (?) GFP ^rcssion in NDV-GFP-bfected ^ S™S ZfS influenza A virus NS] protein 

trLfccM with empty pCAGCS or P^XIl^W^^SSSSS transfected with the indicated ph«u* 
or the Ebola virus VP3S protc n as indicated. (B) Mean relative " U ?'^^T^' V* „._ h shows the mean relative intensity of green 
JSS pCAOOSWSl. or PCDNA3-VP35) and d» «me experunent^d 



response in CEFs appears to require both the trftnsfecuon 
reagent and DNA, Inhibition of NDV-GFP expression was not 
seen when only transfection reagent or only DNA was added to 
cells (data not shown). The requirement for both the transfec- 
tion reagent and the plasraid DNA to induce IFN production 
suggests that transcription from the transfected plasmids is the 
actual trigger of IFN production. Transcription from the mam- 
malian expression plasmids can lead to the production of dou- 
ble-stranded RNA, a factor known to induce IFN production 
(37). 

Expression of the IFN-antagonist influenza virus NSI or 
Ebola virus VP3S proteins prevents plasmid tnwsfectlo»-in- 
duced inhibition of NDV-GFP replication. The influenza virus 
NSI protein and the Ebola virus VP35 protein have Piously 
been shown to inhibit cellular IFN responses (2, 18, 55, 59). 
Transfection of plasmids encoding either of these J FN antag- 
onists could overcome the transfection-mediated inhibition of 
NDV-GFP replication. As seen previously, transfection of 
empty vector (either pCAGGS or pcDN A3) 1 day before in- 



fection prevented GFP expression from NDV-GFP-infected 
ceils (Fig. 3A). However, when cither NSI or VP35 expression 
plasmids were transfected. GFP expression could be readily 
detected 1 day postinfection (Fig. 3A). When the intensity of 
GFP expression was analyzed by FACS, the enhancement of 
green fluorescence in NSI- or VP35-expressing cells was 
clearly demonstrated (Fig. 3B). When NSl-expressing, NDV- 
GFV-infected cells were fixed and stained with anti-NSl anti- 
serum and then analyzed by FACS, the levels of GFF expres- 
sion were found to correlate with the levels of NSI expression 
(Fig. 3C). These data demonstrate that expression of IFN 
antagonists prevents transfection-induced inhibition of NDV- 
GFP replication and provide further evidence that the trans- 
fection-mediated inhibition of NDV-GFP growth is related to 
activation ot the cellular IFN response. These experiments also 
suggest that the NDV-GFP assay can be used as a screen for 
proteins with IFN-antagonist activity. 
Expression of the NP W protein prevents transfecfaon- 
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FIG 4 Expression of the NDV V protein prevents transfecrion-induced inhibition of NDV-GFP replication, (A) Diagram of the four NDV 
P and V constructs used. The my boxes on the left indicate shared wnino-ierminal domains, The V protein possesses a cysteine-rich eftrboxy- 
terminal region distinct from the P protein. This V-spccific domain arises due to the insertion of a single oou-tempiatc-waxM G residue andw 
indicated by the hatched box. V N possesses only the shared amino-terminal region. V c possesses the V carboxy terminus to whjeh irp imuator ATG 
has been added. (B) GFP expression in NDV-GFP^infcctcd cells transfected 24 h prior to infection with NDV P, NDVV, NDV orNDVVc 
expression nlAfcmids. (C) ReUuve mean green fluorescence of CEFs transected with empty vcetor (pCAGGS) or transfected with NDV P, NPV 
V NDV vl or NDV V c expression plasmids as indicated and subsequently infected with NDV-GFP. Shown is the relative mean intensity of green 
florescence for 10* cells from each culture as determined by FACS. The results frum panels B and C are from the same experiment and arc 
representative of typical resuJts with the indicated plasmids. 



induced inhibition of NDV-GfP replication. Because NDV 
encodes a V protein but not a C protein and because the V 
proteins of several paramyxoviruses display IFN-antagoniSt ac- 
tivity, the V protein of NDV was tested for its ability to rescue 
the growth of NDV-GFP virus. Transfection of an empty plas- 
mid once again inhibited NDV-GFP replication. In contrast, 
transfection of CEF cells with an NDV V protein expression 
plasmid restored the ability of NDV-GFP to grow (Fig. 4A and 
B). It should be noted that although the NDV-GFP virus 
possesses an intact V ORF, the EFN-induced inhibition of viral 



growth occurs prior to infection, allowing an antiviral state to 
be established before V protein is expressed from virus. 

The NDV V protein is produced in infected cells from an 
edited transcript in which the viral polymerase has added a 
single non^templatc-cncoded O residue. As a result, the ami- 
flo-terminal region or V is identical to the amino terminus of P. 
However, after the editing site, the proteins are different (Fig* 
4A). In order to detennine which region of V was responwble 
for the restoration of GFP expression, three * 6 f^°f™J^ 
structs were tested. These plasmids encode the fuiwcng 
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protein, the amino-tcrminal region of V which is shared in 
common with the P protein or the carboxy-terminal domain of 

V which is distinct from P (Fig. 4A). Whereas the carboxy- 
tcnninal domain of V and the full-length V were able to rescue 
GFP expression, neither the V N nor the P constructs rescued 
NDV-GFP growth (Fig. 4B). Analysis of the relative intensity 
of ereen fluorescence from this experiment demonstrated that 
cells expressing either full-length NDV V or the carhoxy-ter- 
minal domain resulted in an average GFP fluorescence inten- 
sity approximately 13 times that of mock-transfected, infected 
cells (Fig 4C). These data indicate that the observed IFN- 
antagonist activity is encoded by the carboxy terminus of NOV 

V The Nipah virus V, W, and C proteins display IFN-antago- 
Hist activity In the NDV-GFP system. The NDV-GFP assay 
was then used to screen several Nipah virus protein expression 
plasmids for IFN-antagonist activity. Nipah virus was chosen 
because of its importance as an emerging paramyxovirus that 
causes severe disease in humans (9). Because this virus is 
expected to produce V, W, and C proteins from its P gene (7, 
B. H. Harcourt, A. Tamin, B. Newton, A. Sanchez, T G. 
Ksiazek, P. E. Rollin. W. J. Bellini, and P. A. Rota, Abstr. lllh 
int. Conf. Negative Strand Viruses, abstr. 170, 2000) we tested 
the V W and C ORFs in the NDV-GFP assay (Fig. SA). 
Expression of the Nipah virus V protein rescued the growth of 
NDV-GFP (Fig. 5B and C). Likewise, a W protein expression 
plasmid was also found to enhance NDV-GFP replication (Fig. 
SB and C) The V and W plasmids used for these experiments 
were altered to decrease the possibility that they would aUo 
express the C protein, which is encoded entirely within the 
amino terminus of the V or W proteins. The two tandem ATGs 
predicted to begin the C ORF were mutated to ACG. These 
mutations were expected to reduce or eliminate C protein 
expression. Although ACG is used as a start codon to initiate 
translation of the Sendai virus C protein, it is an inefficient 
start codon (11). We have also tested an additional V protein 
expression plasmid in which the C gene was mutated not only 
at these two ATGs but also by introduction of a stop codon at 
position four of the C ORF. These changes did not affect V 
protein translation, and this C knockout construct also rescued 
NDV-GFP growth (data not shown). These data suggest that 
the enhancement of NDV-GFP replication seen with V and W 
expression plasmids occurs independent of C protein exprcs- 

S '7t was striking that both V and W exerted an anti-IFN effect 
in this system. Because these proteins possess the same 407 
amino-terminal amino acids, this common region wasdso 
tested and found to also enhance green fluorescence in NDv- 
GFP-infectcd cells (Fig. 5B and Q. Interestingly and in con- 
trast to the data obtained with the NDV V, the carboxy-tcr- 
niinal region of Nipah virus V, which possesses the relatively 
conseived cysteine-rich region, did not show significant JFN- 
antagonist activity in this assay (Fig. 5B and C). 

Because the C proteins of Sendai virus have lieen reported 
to counter the host IFN response, we also tested the Nipah 
virus C protein in the NDV-GFP assay. When a Mipah virus C 
protein expression plasmid was transfected, GFP expression 
was also detected, although the intensity of the green fluores- 
cence in C-transfected cells was typically lower than that seen 
With the V or W constructs (Fig. SD and E). 



A 

Nipah V 



Nipab W 



Nipah Vn 



Nipah Vc 



Nipab C 




pCAOGS Nlpv(X) Nipvn Nlpve Nlpw(X) 



FIG. 5. (AJDia^oftheflvcWoahP.V.andWwnstructsused 
Tne shaded boxes indicate the shared amtao-trrminal o^™. TheV 
proteuT possesses a cysteine-rich carboxy-terrmral region dannct from 
£? P STThis Specific domain arises due to the 
single C-template-encoded G residue and * indited by the solid 
baTTha W protein possesses a carboxy-tcrminal rcg.on disr.net bom 
both the F and the V proteins. This W-specifie domain arises due to 
£ inSlfon of wo nor^mplate-encode^G residues and is indited 
by theC with horizontal lines. V* posset only the shared anuno- 
teVmioal region. V c possesses the V carboxy terrainus, to which an 
iairiBtor ATG has boenadded. The C ORF ^'"^^Sp^ J*^^ 
box Because the ATGs at the beginning of the C ORF have been 
m^a^ln the V, W, and V N consrructs^h, C ORF "Ae* con- 
structs is indicated by the open box. (B) GFP expression in WV-GFP 
nfeacd cells that were, 24 h prior to infixuon. mock transacted or 
Scted with the empty pCAGGS plasmid or op^ P^ 
for Nipah virus V (Nip V N ). the ."*™^*^f!ffiS% 
V (Nip V N ), the carboxy-terminal domain of V (Nip Vc), 
virus W (Nip W). (C) Relative mean green flimrescenee of OBFs 
K I with cu^ty vector (pCAGGS) or transfected with tto (rfav 

Mgjnwred w as not to express the C protein [indicated by (-C» 
Shown is the relative mean intensity of green fluorescence tor MT cells 
breach citure as determined by FACS. (D) QrT«W 
NDV-GFP-infectcd cells that were, 24 h prior to infection, mock 
Lransfected or transfected with the empty pCAGGS plasm* or egres- 
sion plasmids for influenza virus NS1 or N.pah ra« Cj»» 
(E) Relative mean green fluorescence of CEFs transfected wMpV 
vector (pCAGGS) or transfected with the pVasnnds eroding urfuciua 
virus NSlor Nipah virus C Shown is the relative mean mteoaty of 
green fluorescence for 10* cells from each calture as dcterrnmcd by 
FACS. The results from panels Band Care from the same experiment, 
an J the results from panels V and E are from the same ei^nment and 
ate representative of typical results with the indicated plasmi*. 
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FIG. S — Continued. 



The Nipah virus V and W proteins inhibit IFN.0*mediated 
activation 0 f an IFN responsive promoter. The V proteins of 
human parainfluenza virus type 2 (bPlV-2), simian virus 5 
(SV5) and mumps virus reportedly inhibit the IFN signaling 
pathways (32, 47). We therefore determined whether expres- 
sion plasmids encoding the Nipah vims V or W Or truncated 



forms of Nipah virus V inhibited, in Vero cells, the activation 
by IFN-P of an IFN-inducible promoter (Fig. 6). Transection 
of plasmids possessing the entire V ORF, the entire V ORF in 
which the C ORF was disrupted, or the entire W ORF resulted 
in a near-complete block in 1SRE reporter gene expression in 
response to If N (Fig. 6). Further, a plasmid conlammg only 
the amino-terminal domain common to V and W also blocked 
reporter gene activation, whereas a plasmid containing only 
the unique carboxy-terminal region of V failed to block re- 
porter gene activation (Fig. 6), These data are consistent with 
the IFN-antagonist activity s»een with these proteins in the 
NDV-OFP assay and suggest that the common amino^erihinal 
domain of Nipah virus V and W can function to block the I W 
signaling pathway. When the Nipah virus C expression plasmid 
which enhanced NDV-OFP replication in CEFs was tested in 
the reporter gene assay in Vero cells, it had a much less 
dramatic effect on IFN-induced reporter gene activation. 
Nipah virus C was found to reproducibly decrease reporter 
gene activity to a modest degree (data not shown). It is unclear 
whether this modest inhibition of IFN signaling is sufficient to 
permit NDV-OFP replication or whether Nipah virus C may 
enhance NDV-GFP replication by an alternative mechanism- 
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FIG. 6. Inhibition in Veto cells of iFN-iadW action of an 
ISRE «omoier bv Nipah virus proteins. Effect of .Nipah wrgs V, W, 
a^fvSonluiL. expression p^idson uW-*^ »*; 

the indicated Pls»nids and either mock treated (-IFN) or treated witn 
hwnan IFN-P (+IFN). The expression plwmids encoded N.pab vmrf 
vmip V), Nipah virus W (Nip W), Uic amhie-tenmnal m > com- 
mon tb Nipah virus V and W (Nip Vn), or the crtrnqHtrainal regwn 
?f Nipah vfrus V specific to V (Nip Vc). Shown is the relattve uet.vity 
o ^ TFN-inducible CAT reporter gene, under the control ol ilto 
IlW-lnducible HISG54 promoter normalised to an internal control 
consisting of a constitutively exores»dK«Mfa luafer^c^ion 
Pfcsmid. Th° cells were treated with 1,000 U of human IFN-p/ml at 1 
bay rx.sttr ansfection, and CAT and lucifcrase assays were performed 1 
day later. 



DISCUSSION 

Using an NDV-GFP-based assay, we found that expression 
of the NDV V protein or of the (putative) Nipah vim* V, W, 
and C proteins can prevent establishment of an iFN-induced 
antiviral state. The NDV-GFP assay provides a straightforward 
system by which cloned viral genes can be screened for IFN- 
antagonist activity. NDV-GFP is a virus that is susceptible to 
the antiviral effects of IFN. although it encodes a functional 
IFN antagonist, the V protein. It thus appears that the pres- 
ence of a functional NDV V gene may not be sufficient to 
overcome the previously established antiviral state within the 
time fiAme of the assay. This contention is supported by the 
Mowing observation: when CEF cells are treated once with 
rFN-«/p at 20 h prior to infection, NDV-GFP replication is 
undetectable, although green fluorescence becomes detectable 
at 48 h postinfection under these conditions (data not shown). 
Likewise, prior transfection of CEF cells with plasmid DNA 
results in the secretion of IFN, and this IFN response sup- 
presses, for at least 24 h, the replication of subsequently added 
NDV-GFP. It is likely that the transfection produces sufficient 
IFN that an antiviral state is well established before NDV-GFP 
infection. However, when cells are transfected with plasmids 
expressing IFN antagonists, including the influenza virus NS1 
protein or the Ebola virus VP35 protein, the induction of an 
antiviral state can be reduced or prevented, and GFP expres- 
sion is easily detected less than 24 h postinfection. 

One advantage of the NDV-GFP assay is the simple and 
rapid readout. It should be noted that the absolute number and 
intensity of green cells seen from experiment to experiment are 
variable, but the relative activity of the various transfected 
proteins is consistent between experiments. Additionally, the 
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levels of NDV-GFP replication vary depending on which IFN 
antagonist is expressed. The reason(s) that one protein en- 
hances NDV-GFP replication to a different degree than an- 
other is not clear but might be related to different levels of 
expression or to different mechanisms of action (e.g., one may 
tareet the JAK/STAT signaling pathway, whereas another 
mid,! prevent the production of IFN). Another helpful aspec, 
of the system is that the test virus (NDV-GFP) rcad.lv grows to 
high titers in 10-day-old embryonated chicken eggs. It remains 
to be seen whether the use of chicken cells limits the usefulness 
of the assay. In this respect, it is encouraging that the influenza 
virus NS1 protein, the Ebola virus VP35 protein, and the 
Ninah virus proteins all appear to function as IFN antagonists 
in both CEFs and mammalian systems. This is despite the fact 
that some paramyxovirus V proteins appear to function in a 
species-specific manner (46). We also have preliminary data 
indicating that the NDV-GFP assay can be adapted to at feast 
some mammalian cells. The use of different cell lines may help 
in the identification of IFN antagonists that function in a cell 

type-dependent fashion. . 

Paramyxovirus V, W, and C proteins are encoded by the 
viral phosphoprotein (P) gene. The P protein and I the V pro- 
tcin always share a common ammo termuiu* but po»u» 
unique carboxy termini due to the insertion of a non-template, 
encoded G residue(s) at a precise point during transcription ot 
the P gene, a process called "editing." In some paramyxovi. 
ruses, including all members of the Rubulavim genus except 
for NDV, the V protein Is encoded by the unedited mRNA 
(33) For the remaining paramyxoviruses that encode V pro- 
teins, V is encoded by an edited transcript in which one non- 
template-encoded G has been inserted (33). In addition, some 
paramyxovin«es produce additional edited P-gene transcripts 
that encode proteins with amino-terminal sequences identical 
to that of the P protein. These include "W" proteins, such as 
that predicted for Nipah virus (Harcourt et aL, 11th Int. Conf. 
Negative Strand Viruses), which would arise from edited 
mRN As in which two G residues are inserted at the editing site 
into the P gene mRNA. The C proteins are encoded by the P 
transcripts as well but arise due to the use of alternate start 
codons and do not possess amino acid identity with the r 
protein (33). As with V proteins, not all paramyxoviruses en- 
code C proteins, although some, such a Nipah virus, encode C 
proteins, V proteins, and additional P gene-derived proteins 
(e.g.. W proteins) (33). , . , 

It will be important to determine the specific mechanisms by 
which the NDV V and the Nipah virus V. W, and C proteins 
counter the IFN response. In this regard, the Nipah virus V 
protein has recently been reported to cause cytoplasmic reten- 
tion of STAT1 and STAT2 (50a). Among other paramyxovi- 
ruses, different viruses have been shown to employ different 
mechanisms to overcome the host IFN response (5. 19, 21, 22, 
27 30 32, 46, 47, 54, 60). Several paramyxovirus V proteins 
have previously been shown to inhibit IFN signaling, for ex- 
ample, the mumps virus V protein has been reported to de- 
crease cellular STAT1 levels, possibly by targeting STA1 1 for 
proteosome-mcdiated degradation (32). Similarly, the i V 
proteins of SV5 and hPlV-2 also appear to promote STAl 
protein degradation although, whereas SV5 V promotes 
STATl degradation, hPIV-2 V promotes the degradation of 
STAT2 (47). Interestingly, V-mediated degradation of one 
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specific STAT (STAT1 or STAT2) protein required the pres- 
ence of the second STAT (47). and the mab.hty of SV5 V to 
promote the degradation of ST ATI in ^^TrA STAT2 
fo the absence of a compatible (to the SV5 V protein STAT2 
protein (46). Our data indicate that the NDV V also blocte the 
host cell IFN response, although its mechanuim of acuon has 
vet to be defined. The ability of the Nipah virus V or W protein 
Sp c^n Xtnids to not only rescue ^V-GFP growth but 
prevent activation of the IFN-mducible reporter ^gencs m 
response to IFN-? treatment suggests that the N.pah vmu . V 
and W proteins will also affect some component of the IFN-a/p 
signaling pathway. It is interesting that the N.pah virus C 
egression plasmid also showed an abil.ty to rescue NDV-CTP 
replication but displayed only a weak inhibition in ttie IFN- 
mduced reporter gene system- In the case of Sendai virus the 
' C» proteint a set of four carl^-coterminal proteu* have 
been reported to block IFN signaling both m infected cells and 
Sen pressed individually (19, 21, 22. 27, 30, 52). It ,s gere- 
fore unclear whether the IFN-antagonist activity of the N pah 
virus Cseen in theNDV-GFP assay can be fully amounted for 
by a weak block in the IFN signaling pathway or whether N.pah 
virus C has additional biological functions. 

It was striking that different regions of the NDV V and the 
Nipah vims V proteins were required for anti-lFN activity 1 he 
carWterminal domain of the various paramyxovirus V pro- 
teins is* relatively conserved and includes « res, 
dues that together form a zinc finger (24, 36, 45, 48). AS was 
the case for the NDV V in the present study, the conserve J 
carboxy-tcrminal domains of either the mumps virus V prou-m 
or the bPlV<2 V protein were capable of blocking the ; hostceU 
IFN signaling pathway (32, 43). In contrast. hW*WJ- 
GFP assay (Fig. 5) and the reporter gene assay (Fig. 6), IFN- 
antagbnist activity was clearly associated with the «u*ino- er- 
3 region common to the Nipah virus P, V, and Wprctem 
In contrast, little to no IFN-antagonist activity jvas detected 
with the cysteinc-rich carboxy terminus of the Nipah virus v 
protein. However, although it is clear that the amino terminus 
of V is sufficient for IFN-antagonist activity in these assays, it 
remains possible that the carboxy-lerminal domam of Nipah 
virus V contributes to the IFN-antagonist function of the full- 
length Nipah virus V protein or that the carboxy termmus of V 
will display a species-specific IFN-antagonist activity. It is m- 
terestii that the V. wi and P proteins of Nipah virus and 
Hendra virus possess longer amino termini than do otner 
paramyxoviruses (7). Perhaps the unique 210 armn^tenmna 
Smuio acids common to the Nipah virus V and W proteins 
oossess the IFN^ntagonist activity. It is also interesting that 
the Ebola virus VP35 protein is functionally analogous to the 
paramyxovirus P proteins and also counteracts the host IFN 
response (Fig. 2) (2. 40, 41). However, filovirus VP35 protein* 
do not appear to encode C V, or W protein equivalents. Tims, 
it is clear that P genes (or their equivalents) of ncgative-stxand 
RNA viruses have frequently evolved IFN-antagonist func- 
tions In cases such as Ebola virus, the P protein itself may be 
sufficient to carry out this function. In other viruses,^ 
"auxiliary" functions may have been shitted exclusively to C or 
V proteins during the course of evolution. In the case of Nipah 
virus, although V and W proteins are produced and exert an 
anti-LFN function, it remains possible that the P protem also 
blocks the host IFN system. 
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Recently data were presented indicating that the arruno- 
terminal domain of the measles virus (a morbihvirus) P protein 
is a -natively unfolded protein" (25). it was also predicted that 
the amino-termmal region of the P proteins of other morbHh- 
viruses, of the paramyxovirus Sendai virus, and of the rhab- 
dovirus vesicular stomatitis virus are also natively unfolded 
(25). This finding is in contrast to findings for the amino- 
lerminal domains of the P proteins of the rubulaviru^ a 
group that includes NDV, which are predicted to be folded 
(25) When the amino-terminal domain common to the Nipah 
virus P, V. and W is analyzed in the same way, it is also 
oiedicted to be a natively unfolded protein (data not shown). 
Any connection between this property and the ability to coun- 
teract the IFN response remains to be determined. 

The identification of the NDV V and the Nipah virus C V, 
and W proteins as having IFN-antagonist activity suggests that 
they are important virulence factors. A role for the NDV V 
protein in virulence has already been demonstrated. A recom- 
binant NDV with an editing site mutation such that the virus 
produces 20-fold less V protein than wild-type NDV was highly 
attenuated in chicken embryos (39). An NDV completely un- 
able to produce V, but presumably able to produce a truncated 
-amino terminus only" form of V, was highly impaired .n tissue 
culture and unable to replicate in lO-day^ld embryonated 
chicken eggs (39). Other studies provide additional evidence 
for the importance of the V protein in the virulence of several 
other paramyxoviruses. Mutations truncating the V protein 
before the unique carboxy terminus or mutations affecting the 
ability of V protein to bind zinc attenuated Sendai virus u> mice 
(24, 26). Mutations preventing expression of the unique do- 
mains of cither V or D (produced from a +2G transcript) had 
little effect on hPTV-3 replication, either in ^ « 
vivo. However, mutation of both the V and the D ORFs did 
yield a modest attenuation phenotype in vivo in a hamster 
model and in a monkey model (13). The relationship between 
the IFN system and the various attenuation phenotypes seen 
with these particular mutant viruses remains to be determined. 
In contrast, there is a dear correlation between virulence and 
the anti-lFN function of the Sendai virus C proteins (13, 20). 

The NDV-OFP-based assay used to identify IFN-antagonist 
functions for NDV and Nipah virus proteins is similar to our 
previously described assay which used a mutant influenza vims, 
influenza celNSl virus, which lacks the influenza virus IFN- 
antagonist NSl protein (2). In this previously described assay, 
we found that transfection of MDOC cells with plasraids en- 
coding IFN antagonists gready enhanced growth of the mutant 
influenza virus (2). The NDV-GFP-hased assay should be com- 
plementary to the influenza delNSl virus-based assay. For ex- 
ample, the use of different viruses with different host ranges 
may allow a wider range of cell lines to be used when screening 
for IFN antagonists. Such assays will likely provide new " w 'ghk 
into viral pathogenesis. Previous studies on NDV and other 
paramyxoviruses suggest that these anti-lFN functions play 
important roles in viral pathogenesis. The Observations made 
in the present report regarding Nipah virus may therefore be of 
particular interest because Nipah virus is a highly lethal, 
emerging virus of concern as a potential agent of btoterronsm 
(9, 14, 34). 
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